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sebcB, 617, 644.

slbilaX'S, 631, 653.

smythii, 625.

ComjJsophis albiventris, 374.

Contia africana, 649.

Coralius madagascariensls, 371.

Coronella hotambaia, 628, 651.

nototcsma, 629, 652.

olivacea, 619, 645.

scheffleri, 624.

seiiiioriiafa, 624, 649.

torquata, 373.

Coi'Tus scapulatus (z. s. l.), 706.

Crosodilus cataphractus (z. s. l.), 706.

Crotalus atrox : ethology, 585.

Crustacea :

Palseinonetes aiistralis : geographi-

cal, systematic, 571.

Cytaea laodamia, sp. n. (Fig. 11),

626.

Sylvia, sp. n. (Fig. 10), 524.

Dcoiypcltis Hrtbru, 026, 650.

Dasyproeta agonti (z. s. l.), 534.

lOasyurus viverrinus : sti'ucture, 339
;

development (lieai-t, etc.) (PI. T.

figs. 2, 3 ; Figs. 4, 5, 24), 463.

Davainea sp. : structure (Figs. 1-6),

589.

Bendraspis angiisticcps, 636, 656.

antiiioril, 656.

Jamesonii, 636.

fjoestcdti, 636.

Deiulrophis smaragdiiia, 623.

DKVELOrJIENT.

Mammalia : Marsupials : eye-mus-

cles, 299 ; heart and anterior vessels,

459.

Protozoa : Minchinia, 445.

Didelpliys marsupialis : structure, cle-

vclojnnent (Fig. 26), 337.

Diolenius albopiceus, sp.n. (Fig. 2),

504.

Dipsadoboa maculata, 380.

Dipsadomorphus blandingii (Fig. 2),

628.

reiicidatiis, 628.

Bipsas hetsileana, 381.

blandingii, 628.

—— colubrina, 379.

gainiardii, 380.

{Heterurus) gaimardi, var. granu-

liceps, 380.

Bipsina rubropunclata, 630, 652.

Biifliolidus typus. 631, 654.

Bltgpophis vivax, 651.

Dolichotis magellanicus (z. s. l.), 534.

Bromicodryas bernieri, 374.

qtiadrilineatus, 374.

Bromicus dolicocercus, 373.

sexlineatus, 373.

siumpffii, 374.

Bromophls lineatus, 630, 653.

Bryophylax lineaius, 630, 653.

Dumetia hyperythra (z. s. l.), 706.

Ecli Idna gabon /e« , 638

.

Echis carinatus, 657.

coloraius, 657.

squamigera, 639.

Elapechis bo'ulengeri, 035.

gueiUheri, ()35.

moebii (z. s. l.), 706.

niger, 63-'i.

Elaphis {Bothrophthahaus) lincafios,

619.

Elapomorphus gaboncnsis, 633.

Elaposclieina vaillanti, 654.

Elaps irregularis, 640.

jamesonii, 636.

Elapsoidea^ boulengeri, 635.

guentheri, 635.

niger, 635.

Euneoctonus erythronotus (z. s. h.),

706.

EpMppris d'uTmllei, 513.

Equus chapmanni X E. zebra (z. s. l.),

705.

Erithacus akahige (z. >n. l.), 709.



INCKX.

En/d- hrcoiiinus, 370.

muelleri, 644,

multocarinata, 372.

thehaicus, 618, 644.

Eteirodipsas coluhrina, 379.

Ethology.
Mammalia : Concealing powers of

patterns, 679 ; Anthropopitbecus

calviis : (' nests '.), 535, 536 ; Sarco-

philiis barrisi, 575.

AvES : Secondary sexual characters

and relation to enemies, 663
;

concealing powers of patterns,

679; Sporadinus ricordi, 638.

Eeptilia: Feeding of Snakes in

captivity, 583.

Jnsbcta : Concealing jjowers of pat-

terns, 679 ; species bred in tbe

Society's Gardens, 709.

Akaciinida : Icboronyssus serpen-

tium, 383.

Protozoa: Minchinia, 445.

Euhydriiia valakadien, 382.

Eulampis jugularis : ethology, 538.

Eunectes niuriuus: ethology, 583.

Felis concolor (z. s. l.), 706.

eyra (z. s. l.), 706.

nianul (z. s. L.), 705.

pardalis (z. s. l.), 707.

pardus (z. s. l.), 634.

Gaslropyxis urientalis, 624.

smaragdina (Fig. 2), 623.

Gazeila rufifrons (z. s. l.), 706.

Genetta poensis (z. s. l.), 706.

Gennseus nycthemerus X G. swinhoii

(z. s. L.), 707.

Geodipsas hoidengeri, 378.

infralineata, 378.

vcmcrocegcB, 627.

Geographical.
Mammalia : jElureidopus baconi :

Upper Burma, 425; Zipbius cavi-

rostris in British waters, 659.

Eeptilia : Snakes of Madagascar,

etc.. and East and IS'orth-East

Geographical (con.).

Africa, 369, 611, 641; Amphis-

bsena, Herpetodryas : Colombia,

659.

Araciinida: Salticida3 : Dutch New
Guinea, 601.

Crustacea : PaljBuionetes australis :

West Australia, 571.

Vermiuba: Land Planarians : West

Australia, Tasmania, 693 ; Geo-

nemertes dendyi : West Australia,

667.

Ccelenterata : North America, 541.

Geonemertes dendyi, sp. n.

:

structure, geographical (Fig. 1), 567.

Geoplana alba, 701.

balfouri, 697.

comitatis, sp. n., 696.

dakini, sp. n., 694.

diemenensis. 699.

flavilineata, sp. n., 695.

flynni, sp. n., 701.

mortoni, 701.

nichollsi, sp. n., 699.

quinquelineata, 698.

tasmaniana, 697.

typMops, 701.

Gisella harrisi (z. s. l.), 707.

Glauconia algeriensis, 643.

hoidengeri, 617.

hraueri, 617.

cairi, 643.

conjuncta, 6 17.

dissimilis, 643.

distanti, 617.

emini (Fig. 1), 617, 643.

filiformis, 643.

lo7igicauda, 617.

macrorhynchus, 643.

macrura, 643.

inerkeri, 617.

yetindata, 643.

Glypholycus bicolor, 619.

whytii, 619.

Gongylophis miielleri, 644.

Gouionotophis degrijsii. 622.

Gr((yia giardi, 619.

)>niythii, 625.

thoUoni, 625, 649,



Hapddojjhrys lincata, (i24.

Hasarius glaucus, sp. n. (Fig. 9),

52:3.

Hemirhagerrhis kelleri, 629, 651.

Herpetodryas hernicrli, 374.

goudoti, o78.

quadrilipeattts, 374.

rhodogaster, 373.

vicinus, sp. n. (Fig. 2), 660.

Heierodon defilipipii, 637.

diadema, 648.

madagascariensis, 376.

modestios, 376.

Heterolepis capeyisis, 621.

poensis, (121.

Heteroliodon torquatus, 376.

Htteropliis resiiims, 637, 657.

Heterurus arciifasc/aiun, 381.

Holuropholis olivaceus, 620.

Homalocephal'us heterurus, 375.

Hovialosoma ahyssiidcum, 625, 650.—— luirix, 625, 650.

shiranum, 625, 650.

Iloubara midulata (z. s. l.), 529.

Hijdrus platiirus, 382, 635, 655.

vcdakadyn, 382.

Ichoronyssus serpentium, s]i. n.

(Figs. 1, 2), 383.

Idiophis vaillanti, 376.

Insecta :

Pattern-blending and concealment of

outline, 679 ; Species bred in tlie

Society's Gardens, 709.

Ithycgphua goudoti, 378.

miniatiis, 378.

Ixulus flavicollis (z. s. l.), 709.

Jotus igneus, sp. n. (Fig. 5), 510.

Laohesis alternatus : etliologj^ ,585.

mutus : ethology, 584.

Lamprophis abyssinicus, 645.

rogeri, 646.

La.vgaha alluaudd, 379.

crista-gcdli, 379.

mtermedkf, 379.

Proc. Zool. Soc.— 1915, No,

Langaha iiasuta, 379.

LepiodircL attarensin, 628.

degeni. 628.

lioiamboeia, 628, 651.

tornieri, 628.

werneri, 628.

Lepfophis kirtlandii, 631, 653.

lateralis, 374.

Letheobia pallida, 616.

Lioheterodon geayi, 376.

madagascariensis, 376.

modestus, 376

voeltzhovli, 376.

Liophidinm gracile, 374.

trilineatum, 374.

Liophis imerina, 375.

quiiiquelineatits, 375.

Liopholidophis grandidieri, 373.

Lophophorus iinpeyann.s-^z. s. l.), 705.

Lopiiiira ruia (z. s. l.), 705.

Lycodon atilicus, 377.

capensis, 621, 646.

fuligiuosus, 64().

geometricus, 377.

Lycod.ryas sancti-johannis, 381.

Lycogiiaihophis sechellensis, 377.

Lyeophidinm abyssinicvm, 646.

acutirostre, 620.

capense, 621, 646.

Jac/vsonii, 621.

meleagris, 620.

semiuiiiinlis, 621.

sernirinclum, 621.

Lydekkerina, gen. n., 366.

huxleji : structure (Fig. 3), 366.

Lytorhynclnts diadema, 648.

Macropns ruficollis : structure, develop-

ment (Figs. 23, 24), 334; (Figs. 21,

22), 483.

M.i.MMALIA :

Marsupialia : structure (head-cavi-

ties), development (eye-nuisoles),

299 ; developineut (heart, etc.),

459 ; Insectivora : Organ of Jacob-

son in Talpa, Centetes, Ohry.so-

chloris, 347 ;' Paradoxurinje :

XLIX. 49
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Mammalia (com.) :

structure, systematic, 387 ; jEIu-

reidopus bacon i: structure, sys-

tematic, 425 ; Anthropopithecus

calvus : ethology, 535, 536 ; Zi-

phius wivirostris, geographical,

structure, systematic, 559; Sar-

cophilus barrisi : ethology, 575.

Manucodia atra (z. s. l.), 707.

Meheli/a somaliensis, 647.

Meleagris ocellata (z. s. l.), 705.

Menemeriis culicivonis, 512.

paykuUi, 513.

Micrelaps bicoloraius, 632.

boettgeri, 654.

niyriveps, 654.

vaUlaidi, 654.

Micropistliodon ochraceus, 377.

Jlillepora naruegica, .544.

Mimophis mahfalensis, 381.

yiinchinia : development : ethology

(Pis. I., II.), 445.

Miodon christyi, (i33.

gabonensis, 633.

graueri, 633.

JIopsus mormon, 522.

-Morphology. See Structure.

Mus sylvaticus wintoni (z. s l.), 534.

Musca doniest.ica: ethology, 529.

J\«ia angusticeps, 636, 656.

haie, 636, 655.

•

,
var. melanoleiica, 636.

melanoleuca, 636.

nigricollis, 636, 656.

Nandinia binotata : structure (Figs.

4, 5, 10), 387.

Neocrex erythrops (z. s. i,.), 709.

Oligolepis macrops, 623.

Onychocephalus arenarius, 370.

diiiga, 615.

mossambicus, 615.

mucruso, 616.

tettentiis, 615.

{Letheohia) lumhriciformis, 616.

Ortygospizaatricollis (z. s. L.), 706.

Oryx leucoryx : iiorus, 535.

Otaria californiaua (z, s. l.), 706.

Palgemonetes australis, sp. n.,

geographical (PI. I.), 571.

Paradisea rubra (z. s. l.), 707.

Paradoxiirus : structure (I'^igs. 1, 4-7),

387.

Paragorgia arborea (Fig. 2), 548.

nodo&a, 548.

rcgalis, 548.

Pararhadincea melanogaster, 376.

Pelophilus madagascariensis, 371.

Pei'ameles nasuta : structure, develop-

ment (Fig. 25), 336 ; development

(heart, etc.) (PI. I. figs. 4, 5; Figs.

6-15, 25), 466.

obesula : development (heart, etc.)

(Pis. I., II. ; Figs. 1-3, 16-20, 25),

337, 460.

PericroL'otus roseus (z. s. h.), 706.

Phascolarctos cinereus : structure,

development (Figs. 20, 21), 330.

Phascolomys mitohelli ; structure,

development (Fig. 22), 333.

Philothayjiitus neglectus, 623, 648.

—— semivariegatus, 623, 648.

Phlogoenas rufigula (z. s. L.), 707.

Phyllomedusa sauvagii (z. s. l.), 709.

Planaria tasmaniaiia, 697.

Plexippus rnontrousieri, 622.

paykullii, 512.

Polyodontophis mayottensis, 373.

rhodogaster, 373.

forquaius, 373.

Potos caudivolvulus (z. ,s. l.), 707.

Primnoa willeyi, sp. n. (Pig. 3),

551.

Pristerodoii agilis : structure, 358.

brackyops, 358.

mckagi : structure (Fig. 1), 355.

rauiceps : structure (Fig. 2),

357.

Prosymna ambigiia, 625.

bocagii, 625.

meleagris, 649.

variabilis, 626.

vassei, 625.
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Protozoa :

Uaplosporiclia : Minchinia, develop-

ment, ethology, systematic, 446.

Psammogorgia teres (PI. I., fig. 1

;

Fig. 5), 554.

PsammopMs angolensis, 631.

biseriatus, 631, 653.

niahfalensis, 381.

oxyrhynch'us, 630, 653.

pulcJier, 654.

punctulatus, 630, 653.

schokari, 653.

seyehellensis, 377.

sibilans, 631, 653.

, var. suht(Bniata, 631.

subt(smatus, 631.

trinasalis, 631.

Psammophylax variabilis, 629.

Pseudaspis cana, 622.

Psetidoboa caHnata, 657.

Pseudoboodon gasccB, 645.

Pseudois nahura (z. s. l.), 705.

Pseudoxyrhopus ambreensif, 375.—— dubius, 375.

heterurus, 37o.

imerincB, 375.

microps, 375.

occipitalis, 31b.

quinquelineaius, 375.

siibcazidalis, 375.

Ptilopaohys fusciis (z. s. l.), 706.

Ptimis pusillus (z. s. l.), 711.

tectiis (z. s. L.) : etliology, 711.

Pyfhon regius, 644
;

(z. s. i..), 70(1

reticulatus : ethology, 583.

seb(s, 617, 644.

Pythonodipsas carinata, 627.

Bana temporaria ; structure, 712.

tigriua : structure (Figs. 1-3),

603.

Rang! far tarandus (z. s. l.), 534.

Eeptilia :

Snakes of Madagascar, etc., East and

North-East Africa : systematic,

369, 611, 641 ; Pristerodon, Tro-

pidostoma : structure, systematic,

355 ; Brachyops, Bothriceps,

Eeptilia {con.):

Lydekkerina : structure, syste-

matic, 363 ; Snake-feeding in

captivity, 583 ; Amphisbteua,

Herpetodryas : geographical, sys-

tematic, 659.

Rhabdotoplds subeaudalis, 375.

Rhagerrhis tritcsniata, 629, 652.

Bhamnophis jacksonii, 624.

Ehamphiophis oxyrhynchus, 630, 653.

riibropmicfatus, 630, 652.

Rhea americana (z. s. l.), 706.

Rhinocalamus dimidiatus, 632.

meleagris, 632.

Rhinochetus kagu: structure (Fig. 5)^

413.

Salticus culicivorus, 512.

Sarcophilus harrisi : ethology (Pig. 1),

575.

Scaphiophis cdbopimctatus, 626, 649.

Schlegelia wilsoni (z. s. l.), 707.

Sciurus straniineus (z. s. L.), 707.

Sepedon rhombeatus, 637, 657.

Simia satyriis (z. s. l.), 706.

Simocephal'us butleri, 647.

eapcnsis, 621.

chanleri, 621.

nya&sm, 622.

poensis, 62 1

.

unicolor, 621.

Spermestes nigriceps (z. s. l.), 707.

Sphodrouiantis gastriciis (z. s. l.) :

ethology, 710.

guttata (z. s. L.): ethology, 709.

Sporadinus rieordi : ethology, 538.

Stenophis arctifasciatus, 38 1

.

hetsileanus, 381.

—— garniardii, 380.

granuliceps, 380.

guentheri, 380.

inornatus, 380.

longicauda, 381.

maculatus, 380.

variabilis, 381.

Stenostoma cairi, 643.

conj'imctum., 617.

dissimile. 643.
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Stenostoma longicanda, 617.

macrorhynch'um, 643.

Structure.

Mammalia: Head-cavities and eje-

niuscles in Marsupials, 299 ; Or-

gan of Jacobson in Talpa, Oentetes,

Clirysochloris, 347; Paradoxurus,

Ai'ctictis, Arctogalidia, Nandinia

(feet, glands, etc.), 387 ; ^Elurei-

dopus baconi (skull), 425 ; Ziphius

cavirostris, 659; pattern -blend-

ing : experimental analysis, 679.

AvES : Aramus giganteus, Rhino-

chetus kagu, 413; secondary sexual

characters, 063; pattern-blending:

experimental analysis, 670.

Reptilia : Prist erodon, Tropidosto-

ma, 35.T
; Bracliyops, Bothriceps,

Lydekkerina, 363.

Batraciiia : Rana tigrina, 603.

Insbcta : Pattern-blending : experi-

mental analysis, 679.

Vermidea : Taenia tauricollis, 429
;

Geonemertes dendyi, 569 ; Da-

vain ea sp., 589.

Ocelbnterata : Stylasteridte (gono-

phores), 545.

Sturnia sinensis (z. s. l.), 706.

Siylaster (^AUopora) norvcgicus (PI. I.

fig. 3), 544.

Sus serofa : skin, 534.

Sylvicapra coronata (z. s. l.), 706.

Sylvilagus superciliaris (z. s. l.), 534.

Tachymenis boulengeri, 378.

infralineattis, 378.

Tmnia strutMonis : structure, 589.

tauricollis : structure (Figs. 1-6),

429.

Talpa : structure (Organ of Jacobson)

(PI. III. figs. 1-7), 348.

Tarbophis guentheri, 627, 651.

obtusus, 651.

semianmdatufi, 627.

Taurotragus oryx (z. s. l.), 706.

Tayassu taja^u (z. s. l.), 534.

Telamonia mandibulata, sp. n.

(Fig. 4), 508.

Telamonia vidua, sp. n. (Fig. 3),

505.

Telescopus ae.iniannulafus, 627.

Testudo galapagoensis (z. s. l.), 706.

nigrita (z. s. l.), 706.

Tliaumaglossa biraaculata (z. s. l.) :

ethology, 710.

Thelotornis Jcirtlaiidii, 631, 653.

Thrasops jacksonii, 624.

rothschildii, 624.

Tigrisoma salmoni (z. s. i..), 707.

Tricliosurus vulpecula : .structui-e, de-

velo])ment (liead-cavities, eye-mus-

cles) (Pis. I., II. ; Figs. 1-19), 299.

TriQuerorhinns tritcsniatus, 629, 652.

variabilis, 629.

Tro'pidonotusi dolichocercus, 373.

grandidiei'i , 373.

lateralis, 374.

olivaceus, 619, 645.

sewlineatus, 373.

stumpfii, 374.

Tropidostoma microtrema : structure

(Figs. 3, 4), y.-'S.

Typhlops aeufirostris, 642.

adolphi, 615. 642.

arenarius, 370.

bla.lifordit, 642.

hocagii, 615.

boefigeri, 370.

braminus, 370, 614.

comorensis, 370.

cuncirostris, 642.

decorsei, 370.

d'inga, 615.

gierra, 615.

gracilis. 614.

grandidieri, 371

.

hottentotus, 616.

hitmbo, 616.

klecbergi, 616.

latirostris, 616.

lumbriciformis, 616.

madagascariensis, 371.

mandensis, 615.

microcepJialus, 370.

mossambictis, 615.

mucronaius, 370.

mucruso, 616.



Typhlo2)s obtusus, 615.

pallidus, 61(3.

—— platyrhynchus, 615.

punctatns (Fig. 1), 615, 642.

-—— scMegelii, G15.

socotranus, 642.

somalicus, 642.

tetiensis, 615,

tornieri, 615.

iinitmniatus, 616, 642.

Urieckus concolor, 634, 655.

jacJcsunii, 633.

lunulatus, 634.

nigriceps, 634.

Variation.

AvES : JEs galericulata, 708.

Vermidea :

Oestocla: Tfenia tauricollis, Chap-

mania : structure, systematic, 429
;

Tcenia, Davainea : structure, sys-

tematic, 5S9 ; Nemertinea from

WeBcern Australia and Tasmania :

systematic, 693 ; Geonemertes

dendyi ; structure, systeuuitic, 567.

Vvpera arietans, 638, 657.

hindii, 638.

superciliaris, 638.

Viverricula malaccensis : structure

(Fig. 5), 399.

Walteriniiesia cegypUa, 656.

Xenocalamus hicqlor, 632.

Xiphosoma madagccixaricnse, 371.

Zamenis brevis, 647.

citernii, 647.

—

—

— floriUenius, 647.

rhodorhachis, 647.

smithii, 647.

socotr(B, 648.

somalicus, 647.

Zenodoris danae, sp. n. (Fig. 6),

614.

d'urvilli'i, 513.

rhodope, sp. n. (Fig. 7), 517.

syrinx, sp. u. (Fig. 8), 519.

Ziphms cavirostris : structure, geogra-

phical, 559.
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Introduction.

The following investigation of the head-cavities and develop-

ment of the eye muscles of Tricliosurus vulpecula was undertaken
at the suggestion of Professor J. P. Hill, whose help and advice

I gratefully acknowledge. All the material examined was

* For explanation of the Plates see p. 346.

Pkoc. Zool. Soc—1915, No. XXIL 22



300 MISS E. A. FRASER ON THE DEVELOPMENT

obtained from Professor Hill's excellent collection of young stages

of mai'supials.

Cavities in the mesoderm of the anterior (preotic) region of the

head, bounded by more or less definite epithelial walls, have been

described in many vertebrates, and they are now considered by
the majority of observers to represent somites comparable with

those of the trunk. They were first observed in Selachians

by Balfour (78), later by Milnes Marshall ('81), van Wijhe ('83),

Dohrn ('90) ('04), and since then by many other investigators

in different fishes.

In Amphibians, cavities have been seen by Scott and Osborne

('79) in the newt and in the Gymnophionan HypogeopMs by
Marcus ('09). They appear to be absent in NecUirus (Julia

Piatt, '94) ; in the frog (Corning, '99) and in the toad (Edge-

worth, '99) the anterior somites in the head are apparently

solid, although Goette ('75), in his classical work on the develop-

ment of fche toad, appears to refer to them as cavities.

"Van Wijhe ('86) was the first to point out the occurrence of

head-cavities in birds and reptiles. In birds. Rex has more
recently stvidied them in the duck ('97) and in the gull ('01)

('05), Edgeworth ('07) in the fowl, and Professor Hill has directed

my attention to the occurrence of large premandibular cavities

in sections of early emu chicks in his collection.

The conditions in reptiles concern us more closely and may be

considered in greater detail. In this class three somites have

been observed in the preotic region of the head, of which the

first or premandibular develops into a large and conspicuous

cavity surrounded by epithelial walls, the cavities of either side

at some time of their development being usually connected across

the middle line by a transverse canal as in fishes. The second

and third somites are small and more diflacult to determine, and
observers differ considerably in their accounts of them. Van
Wijhe ('86) did not discover a second somite in Lacerta and he

describes the third somite as solid ; Hofimann ('90), on the other

hand, finds three hollow somites behind the premandibular, bvit

whether the last two both belong to the third head somite or

whether they correspond to somites three and four of fishes, he

was unable definitely to decide. Again in Lacerta, Corning ('99)

recognises the third somite but no similar second somite, the

m. obliquus superior, which usually develops from the latter, here

being described as arising from the doi'sal jDart of the primordium
of the trigeminal musciilature which grows out over the eye. In

Anguis fragilis, both the second and third somites were seen by
Oppel (90), each of which contained a small central cavity, but the

second was much less distinct than the third. In the Chelonia

the same somites are present, but whereas in Emys hctaria,

according to FilatofF ('07), the third is solid, in Chelydra serpen-

tina, described by Johnson ('13), both second and third possess

a distinct cavity round which the cells are arranged in a radial

manner.
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Tlie occurrence of large anterior head-cavities followed by

corresponding- structures behind them, has led to much discussion

on the metamerism of the vertebrate head. As one advances

in the scale of vertebrates, however, the segmentation in the

mesodei'in of the preotic region of the head becomes more and

more obscure, until in the Mammalia only traces remain of a

former metameric condition. No definite head-cavities have

ever been observed in mammals, although probable remnants of

these have been found in man by Zimmermann ('98). In the

rabbit, although the first head somite arises much as in reptiles

from the fore-end of the alimentary canal as a solid outgrowth

(Corning '99), or as a hollow one soon becoming solid (Edgeworth

'11), it never acquires a cavity as in lower vertebrates but in

later stages forms a small solid mass of cells behind the optic

cup on each side, difficult to distinguish from the surrounding

tissue. Renter ('97), who has studied the pig, sees there no signs

of primitive segments in the head and considers the eye muscles

as a completely independent formation arising from an accumu-

lation of mesenchyme cells ; his observations, however, begin at

a late stage and no early embryos are described.

It was first noted by Milnes Marshall ('81) in Elasmobranchs

and is now well established, that the walls of the premandibular

cavity give rise to four muscles of the eye, the mm. recti superior,

inferior and internus and the m. obliquus inferior, all innervated

by the oculomotor nerve; that the second head somite contributes

the m. obliquus superior supplied by the trochlear nerve, while

the third furnishes the m. rectus externus and, in reptiles and

mammals, the m. retractor bulbi, both these muscles being supplied

by the abducens nerve. We have an exception to the usual

conditions in Petromyzon^ where the innervation of the muscles

is peculiar. According to Fiirbringer ('75, p. 70), " Die Inner-

vation der Augenmuskeln anlangend besteht bei den Petromy-

zonten die Eigenthiimlichkeit, dass, wahrend der Oculomotorius

der Fische eammtliche Augenmuskehr mit Ausschluss des Rect.

ext. und Obliq. sup. versorgt, hier der Rect. inf. nicht vom Oculo-

motorius, sondern vom Abducens innervirt wird, so dass also der

Abducens 2 Augenmuskeln versorgt. Dieses Yerhalten ist

vielleicht dahin zu deuten, dass der Rect. int. den vereinigten

Rect. int. und Rect. inf. entspricht und dass in gleichem Masse,

wie diese beiden Muskeln sich spaterhin in 2 gesondert, der

Rect. inf. mit dem Rect. ext. vei-schmolzen, einen einzigen durch

den Abducens innervirten Muskel vorstellend."

The conditions in Amphibia also do not seem to coincide witli

those in other groups and the views of different authors are very

conflicting. Mai-cus ('10) has studied the Gymnophiona in some

detail, and according to his account of Hyijogeoiihisthe mandibular

somite, at first connected by a transverse bi-idge with its fellow

of the opposite side, develops into a large cavity surrounded by a

single layer of epithelial cells lying postero-dorsally to the eye,

and from which a cell-strand grows down into the mandibular
22*
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arch (see his fig. V, p. 139, Marcus, '09). The premandibnlar
cavity, which is small and has also in early stages a connecting
median portion, partly degenerates, but a small part moves up to

the mandibular cavity and completely vinites with the rostral side

of the latter. All the eye muscles, except the m. rectus externus
derived from the third somite, take their origin from the
mandibular cavity which is innei'vated by the oculomotor and
perhaps also by the trochlear nerve. Marcus ('10) further states

(p. 409) :
—" Daher glaube ich, das, wenn auch Priimandibulax-

zellen sich mit der Mandibularmasse vereinigt haben, nicht

deswegen der Oculomotorius die Mandibularhohle innervirt,

sondern dass er ganz primar der zngehorige ISTerv ist. Dies
ergiebt sich, ausser durch die naive Betrachtung, auch durch
folgende Ueberlegung. Aus dem rostralsten Teil der Mandibu-
larhohle entwickelt sich der Muse, obliquus superior, also ein vom
Trochlearis innervierter Muskel. Die Zellmasse, woraus er sich

entwickelt, glaube ich aus der Pramandibularmasse ableiten zu
konnen. Exackt beweisen kann ich diese Behauptung freilich

nicht, weil bei der Muskelbildung die Mandibularhohle schon
mesenchymatos war, also die Muskelbildung nicht so scharf wie
bei Selachiern verfolgt werden kann ; aber aus der Topographie
der Gebilde ergibt es sich, das zur Bildung des Muse, obliquus
superior wie bei Selachiern so auch bei Hypogeophis dieser

Abschnitt der Mandibularhohle verwendet wird."

Although many authors have given a,ccounts of the origin of

these preotic somites and of the first development of the eye
muscles from their walls, few have traced in detail the further
growth of these muscles until their adult position is reached.
In reptiles and mammals this latter growth is more difficult to

follow owing to the development of the m. retractor bulbi. The
most complete account in reptiles is that of Ghehjdra serpentitia

by C. E. Johnson ('13), and the only description in mammals is

that of Renter's paper ('97) on the pig, above mentioned. The
following observations on the marsupial Trichoswus vulpexula
will therefore be of some interest.

. Material.

The material examined comprises twelve stages of Trichosurus
vulpecula, eight embryos and four pouch young of Phascolarctos
cinereus, five embryos of Phascolomys mitchelli, an embryo and a
foetus of Macropus, five embi-yos and one pouch young of
Perameles, one embryo of Didelphys and a good series of
Dasyiirus.

Two wax-plate models of the optic cup and primordiaof the eve
muscles were made and are reproduced on Plates I. & II. I am
much indebted to Miss E. A. Steele for her excellent coloured
drawings of these models. The terminology of the arteries and
veins in the head has been adopted from Grosser's account of the
development of the vascular system in the Chiroptera ('01) and
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also from the desci-iption of the development of the veins of the
head in reptiles by Grosser and Brezina ('95).

The Eye Muscles of the Adult.

Adult specimens of Trichosurus and Dasyurus were examined,
and the usual eye muscles, including a well-developed m. retractor

bulbi, were found to be present. In 1902, Corning ('02)

described in some detail the eye muscles of the cat, and his

account is generally applicable to the recti and oblique muscles
of the marsupial. The only noteworthy difference is in regard to

the form of the m. rectus externus which in marsupials has a
double origin, the two portions uniting to have a common
insertion on the eyeball.

The m. retractor bulbi shows considerablevariation in different

mammals. When present, it always arises further caudally than
the m. rectus externus but enters the orbit together with the
mm. recti a,nd the m. obliquus supeiior, and its insertion in the
bulbus lies nearer the optic nerve than the other muscles.

According to Motais ('87), who has studied this muscle in many
mammals, the m. retractor bulbi attains its maximum develop-

ment in ruminants ; he also observed its relatively large size in

the opossum. He further states, p. 56 :
" Le muscle choanoide

pent offrir un on plusieurs interstices celluleux qui le divisent en

deux ou plusieurs parties. Ces interstices sont larges dans les

carnivores et separent le muscle en quatre faisceaux bien distincts.

Ordinairement, les lignes de separation sont moins nettes ; dans
les solipedes et les ruminants, les bords des deux divisions du
muscle s'envoient reciproquement des fascicules .... Dans le

pore, on ne trouve qu'un seul interstice assez large an milieu du
muscle droit inferieur." Similar conditions to those in the pig

a.re found in rodents ; the same author, in his description of the

rabbit, p. 206, says :
" II [le muscle choanoide] forme un cone

regulier qui n'est interrompu que par un seul interstice celluleux

situe au-dessous du muscle droit superieur. Cet interstice se

prolonge jusqu'a I'insertion bulbaire du nerf optique et le long du
nerf lui-meme, jusqu'au trou optique." In the cetaceans (Weber,
'86) the same variations occur; here again, the muscle maybe
present as an almost complete circula.r sheet surrounding the

optic nerve or it may be divided into four parts, each moi'e or less

united by connective tissue.

In Trichositrus and Dasyt^nts, as in other mammals, the

m. retractor bulbi has a more deeply seated origin than the other

muscles. It arises from the basisphenoid and passes foi'wards to

enter the orbit between the two portions of the m. rectus externus.

Surrounding the optic nerve, it extends outwards as a muscular

sheet which gradually increases in circumference up to its insertion

round the inner side of the eyeball within the recti muscles.

Although appearing as a completely closed cone, the two edges of

the sheet are not fused along the anterior side of the nerve just

behind the m. rectus internus.
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Description of Material.

TricJiosurus vulpecula. Embryo of G.L. 5 mm. ( = Stage \.a,

h k cf. (Text^figs. 1, 2.)

This stage is represented by tl)ree embryos, a (S '97), b (lA. '01),

and c (I. '01), of Avhich («) and (c) are cut horizontally and
(b) longitudinally.

The cavity of the optic vesicle is flattened by the thickening
and partial invagination of its lateral wall, and it is connected
with the brain by a hollow stalk. The ectoderm opposite the
vesicle is thickened.

Text-fitrure 1.

a.c.a.

Y-X^m

Tricho.sums vulpecula, 'Gih. biam. {h'Q']).

Hot-izontal section througli tlie head (S 3-4-o), somewhat oblique, passing tlirough
tlie pi-emaudibiUai' head-cavity of the left side. X 75 and reduced by J.

«.c.rt.=arteria cerebri anterior, JF'J?.=fore-brain. G.F.= trigeminal ganglion.
Z./?.c. =left head-cavitj'. i{.=portion of cavitj' constricted otl' from the re&t.

q^.y.=optic vesicle. v,c.in.==\'eM& capitis luedialis.

There are two large and conspicuous head-cavities, one on each
&ide immediately posterior to and on the medial side of the optic

vesicle, situated ventro-laterally to the fore-brain ; between the
cavity and the brain runs the anterior cei'ebral artery. The
cavity is lined by a single layer of epithelial cells which is more
attenuated on the side fai'thest from the brain, where it carniot

everywhere be distinguished in the sections. The shape of the
cavity varies slightly in the three embryos, 'being obliquely

* Vide Frasei- and Hill: "The Development of the Thymus, Thyroid and
Epithelial Bodies in Trichox^rus vulpecida" Vh.\\. Trans, lioy, iSoc. 1915.
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rectangular in cross-section in (a) (text-fig. 1, Z.A.c),where on tlie

left side it measures -26 mm. in a dorso-ventral direction, -31 mm.
antero-posteriorly and -32 mm. transversely ; but it is more oval

in (h), and ta.pers somewhat towards the eye (text-fig. 2, r.h.c). On
both sides in (a) a small medial portion is marked off from the

main body of the cavity by a constriction, the upper part of which

can just be seen in text-fig. 1, n. No such condition is present in

(b) or (c), although on the left side of the former there is an

incomplete partition across the middle of the cavity ; the division

in this case, however, may not have the same significance.

Text-figure 2.

Md.

r.h.c

HB\

Trichosurus vulpecula, G.L. 5 mm. (lA. '01).

Longitudinal section (S 2-1-13) passing thvougli the premandibular head-cavity

of tbe right side. X 75 and reduced by \.

J'5.=fore-brain. 7f5.=hind-brain. JlfJ?.=mid-brain. o^.y.=optic vesicle,

r./i.c. =riglit head-cavity. v.c.m.=vei\a. capitis medialis.

In embryo (c), lying obliquely along the postero-lateral wall of

the cavity, on the inner side of the vena capitis medialis, is a

slightly more condensed portion of the mesenchyme, representing

the third or hyoidean somite and constituting the primordium of

the abducens muscle-mass. It runs forwards and laterally just

below the origin of the vena cerebralis anterior into another mass

of loosely connected cells, which extends downwards round the

lateral side of the vena capitis medialis to become united below
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with the maxillo-mandibuhir mesenchyme. On its anterior side
this group of looser cells, to which in following stages I have given
the name of the intermediate mass and which represents the second
or mandibular somite, projects slightly forwards anterior to the
cavity ; this projection, as we shall see later, is the first indication
of the primordium of the m. obliquus sviperior. The intermediate
mass is, at the same time, connected with the postero-lateral
wall of the cavity for three or four sections. The limits of
the complex formed by the intermediate and abducens masses
are difficult to determine accurately, as they are not easily

distinguished from the surrounding mesenchyme and in embryo
(a) are still more indefinite. In the longitudinal series, a distinct

but small elongated collection of cells stretches along the posterior
border of the cavity, apparently representing the abducens mass,
but no connection Avith any maxillo-mandibular mesenchyme is

recognisable.

Text-figure 3

a c a
''/

Trichasuriis vulpecitla. G.L. 4'5 mm. (/3 '98).

Transverse section (S 3-6-13) passing thvongli the premandibular liead-cavity on
each side. Tho sections are rather oblique, tlie cavit.y of the left side being cnt
nearer its ventral end. The anterior portion of the abducens muscle-mass lies
posterior to the cavity. X 110 and reduced by |-.

«.c.«.= arteria cerebri anterior. ^"-5.= fore-brain. lJi.e.=Mt head-cavity. op.v.=
optic vesicle. )'.e.= anterior portion of abducens muscle-mass. r.)i.e.=right
head-cavity. v.c.Hj.^vena capitis medialis. v.o.i.=\enA orbitalis interior.

The Gasserian ganglion is large and the mandibular branch of
the trigeminal nerve is already well developed. The oculomotor
nerve runs from the mid-brain anteriorly for a short distance but
does not reach the head-cavity.
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Another embryo (/3 '98) measuring 4-5 mm. ( = Stage II a) at

its greatest length, may be mentioned here. It is cut trans-

versely and almost at right angles to the last and is slightly

older, the optic vesicle being still further invaginated.

The head-cavities are narrow from side to side and have the
form in the sections of an elongated triangle, the long pointed

end of which runs ventrally and medially (text-fig. 3, 7\h.c.).

They are lined by a single layer of epithelial cells which can be

distinguished all round the cavity but which, on the side next
the optic vesicle and extending round this side laterally for a
short distance, is considerably attenuated. The exact limits of the

abducens muscle complex are again very indefinite (text-fig. 3, r.e.).

Embryo of G.L. 7 mm. (a '97) (=Stage III.).

(Text-figs. 4-6.)

The cavity of the optic vesicle is very narrow, the outer or

retinal layer being much thickened and well invaginated and the

a(lja.cent ectoderm now forms a rounded solid inbulging, the

primordium of the lens.

Text-fiffure 4.

Trichosurus vtilpecula. G.L. 7 mm. {a '97).

Horizontal section tlirough the head (S 3-2-11), passing above the optic vesicle and
tlirough approximately the middle of the head-cavity of the left side il.h.c), to

show the proliferation from postero-medial wall of the cavity (-p.m.). The
ventral end of the intermediate mass is seen postero-laterally to the cavity.

X 110 and reduced by 5.

a.e.a.=arteria cerebri anterior. JF_B.=fore-brain. int.m. =intevraedia,te mass.

v.o.i.=\eivd, orbitalis inferior.

The premandibular head-cavity has only increased slightly in

size but changes are to be seen in its walls. About half-way

down the cavity on the postero-medial side, the wall has thickened
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and is now composed of several layers of cells (text-fig. 4, p.m.)
;

immediately ventral to this and on the postero-lateral side occurs

a much more extensive proliferation, which extends down as far

as the end of the cavity but does not involve the extreme ventral

wall (text-fig. 5, p.L). At its lower end, however, a part of this

thickening stretches out laterally behind the bulbus and forms
the first indication of the m. obliquus inferior (text-fig. 5, o.hif.).

On the left side, the two proliferations appear to be separate

from each other, but on the right the more dorsal one extends
round at its lower end to join the larger ventral. Except where
proliferation is proceeding the wall of the cav^ity is very thin

;

on the side next the brain it consists of a single but perfectly

definite epithelial layer, but on the side next the optic cup it is

much less definite (text-figs. 4 & 5).

Text-figure 5.

a.c.a

Triehosurus vulpecula. G.L. 7 mm. (a '97).

Horizontal section through the head (S 3-3-9), passing through the dorsal portion

of the optic vesicle {op.v.) and the ventral portion of the head-cavities {l.h.c. &
r.li.c.), to show the proliferation from the postero-lateral wall {p-l.)- The
primordium of m. obliquus inferior (p.inf.) is seen on the left side. X 75 and

reduced by \.

<z.c.a.=arteria cerebri anterior. J'jB.= fore-brain. /ij9.= hypophysis.

j3A.=pharynx. y,ci.i.= vena orbitalis inferior.

The primordium of the abducens muscle-mass consists of a

postero-dorsal portion which lies along the medial side of the

vena capitis medialis (text-fig. 6, r.h.) and which, at its anterior

end, runs ventrally outwards to join with the larger anterior

portion of the mass (text-fig. 6, r.e.). The latter, whose dorsal

side surrounds the root of the vena cerebi-alis anterior, lies

anterior to the vena capitis medialis and extends half-way down
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the head-cavity close to the postero-lateral wall of the latter, its

lateral end running into the intermediate mass, the limits of the

two being- indistinguishable (text-fig. 6, int.m., and also the

ventral end in text-Hg. 4, int.m.). The intermediate mass itself,

wdiich is composed of more loosely connected cells, p'^sses on the

one hand, forwards into a mass of condensed mesenchyme lying

above the optic vesicle on the outer side of the ophthalmic nerve,

this portion representing the primordium of the m. obliquus

superior (text-fig. 6, o.s.) ; and on the other hand, backwards and

Text-fio-ure 6.

i/.c.a

Tricliosums vulpecula. G.L. 7 mm. (a '97).

Horizontal section (somewhat diagrammatic) througli the head (S 3-1-11), showing

the posterior {r.b.) and anterior (r.e.) portions of the abducens muscle-mass of

the left side, which extend in front of the vena capitis medialis [v.c.m.), just

ventral to the vena cerebralis anterior (v.c.a.), to unite with the intermediate

mass {int.m.). The primordium of the m. obliquus superior (o.s.) is se^n as a

forward outgrowth from the intermediate mass. Owing to the obliquity of

the sections, the right side is cut at a more dorsal level than the left and only

shows the posterior portion (r.b.) of the abducens mass lying medial to the

vena capitis medialis (v.c.m.) and the vena cerebralis anterior {v.c.a.). X 75 and

reduced by I

.

a.c.a.=arteria cerebri anterior. l.7i.c.=le{t head-cavity. «i;.=notochord.

downwards lateral to the vena capitis medialis and is loosely

connected with the maxillo-mandibular muscle-mass, the con-

nection here not being well seen. The union of the intermediate

mass with the postero-lateral wall of the cavity is most probably

again present.

The oculomotor nerve is now thicker and its distal end

terminates dorso-laterally to the head-cavity.
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From the Gasserian ganglion arise a well-developed mandibular
nerve, a small maxillary branch and an oj)hthalmic iierve.

The abdncens is here seen for the first time. It leaves the
mid-brain by many fine fibres which unite and run forwards
pa,rallel to the side of the brain for a short distance.

Another example of this stage, which measures 7*5 mm.
(XIX. '04) (= Stage IV.), presents almost the same features.

Although the sections are cut in the same direction, that is

horizontally through the head, the head-cavity in section is more
triangular and less elongated so that its area is larger than in
the 7 mm. embryo above described. The postero-medial and
postero-lateral proliferations form one thickening and the vena
cerebralis anterior appeal's to be only slightly sui-rounded by the
anterior poi'tion of the abducens muscle-mass.

The conditions in this embryo, however, are difficult to make
out accurately.

Embryo of G.L. 6 mm. (II. '01) (= Stage Y.).

(Text-figs. 7 & 8.)

The cavity of the optic vesicle is still further reduced and the
lens is almost separated off from the ectoderm which is closing
over it.

Text-fisfure 7.

'^ pm. 'iK

Trichosurus vulpecula. G.L. 6 mm. (II. '01).

Horizontal section through the head (S 2-4-2), passing just above tlie middle of the
iioad-cavity of the right side {rJi.c), and showing the proliferating- bud on the
dorso-lateral wall {d.l.) and the thickening on the postero-mediarwall (p.m ).
1 he anterior portion of the abducens muscle-mass (r.e.) lies posterior to the
head-cavity and m front of the vena capitis uiedialis (v.c.m.). X IIC and
reduced by j.

a.e.ff.=artcria cerebri anterior. :F_B.=fore-braiii. /;/>.= hypophysis.
oj}.v.= optk vesicle.
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The premandibular head-cavity is large and conspicuous on
each side ; although at its widest it is only slightly smaller than

that of the 7 mm. embryo, the ventral portion is reduced,

perhaps owing to further proliferation of the walls.

The proliferation of the postero-medial wall is more extensive

;

it begins more dorsally and, as the cavity narrows ventrally, it

extends round on to the postero-lateral wall, the two thickenings

forming one mass (text-fig. 8, pm.-\-pl.). The thickened area

is continued on to the extreme ventral wall from which a solid

mesodermal mass, the m. obliquus inferior, hangs down below

the cavity posterior to the optic cup and tapers at its lower

end.

Text-figure 8.

^^- ,.'-,

'/V

^ o> ^0<l 8 5 5

v.o.h

Tricliosurus viilpecula. G.L. 6 mm. (II. '01).

Horizontal section through the head (S 2-4-8), passing through the dorsal region
of the optic vesicle (ojj.'y.) and the ventral portion of the left head-cavity (l.h.c.),

to show the now united postero-medial and postero-lateral proliferations from
the wall (pm. +pl.). X 110 and reduced by 5.

a.c.a.=arteria cerebri anterior. i?'i?.=fore-hrain. 7ij9.= hypophysis.
y.o.i.= vena orbitalis inferior.

At this stage for the first time, on the dorso-lateral region of

the cavity on both sides, the wall shows a distinct, though not
very extensive thickening which originates as a bud growing out
of the cavity (text-fig. 7, d.l). This bud is the primordium of

the m. rectus superior.

The cavity is lined by a single layer of cells except where the
wall is proliferating.

The abducens muscle complex has increased considerably in

size and is more distinct than in our earlier stages. The much
larger anterior portion, still connected on its lateral side with
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the intermediate mass, lies very close behind the head-cavity and
in front of the Gasserian ganglion, being separated from the

latter by the vena orbitalis inferior (text-tig. 7, r.e.) ; it extends

down along the upper two-thirds oi^ the cavity to the region

where the postero-lateral proliferation begins. The smaller

postero- dorsal portion runs back as before on the medial side of

the vena capitis medialis.

The pi'imordium of m. obliquus superior has now grown further

forwards from the intermediate mass and reaches antei'iorly

beyond the distal end of the ophthalmic branch of the trigeminal

nerve, on the outer side of which it lies. The connection of the

intermediate mass with the maxillo-mandibular mesenchyme is

most probably present but could not definitely be made out in

this embryo; the mass is again joined with the dorso-lateral

corner of the cavitj^ for about three sections.

The oculomotor nerve is stronger and, running down ventrally

on the medial side of the vena capitis medialis, now reaches the

head-cavity and appears as a small nerve between the wall of tJie

latter and the anterior portion of the abducens muscle-mass ; its

distal end soon disappears and can only be followed for a short

distance alongside the cavity.

The abducens nerve is now well developed and runs forwards

on the inner side of the Gasserian ganglion, but it is not veiy

much longer than at the last stage.

Embryo of G.L. 7-75 mm. (XX. '04) (= Stage YI.).

As regards the development of the eye and the muscle-iuasses

this stage is very similar to the last, and only a few observations

need be made upon it.

The optic vesicle is not so flattened as at 6 mm. and the lens

is still joined with the ectoderm.

The premandibular head-cavity is smaller and pear-shaped, its

wider side lying next the eye, and the posterior proliferations

are more extensive though the thickening on the ventral wall

does not appear to be so marked. No dorso-lateral proliferation

was recognised.

The abducens nerve now runs into the pointed posterior end
of the dorsal portion of the abducens muscle-mass.

Embryo of G.L. 7-25 mm. (^Stages VII. & VIII. a & h).

(Text-figs. 9-13.)

In this next stage there are three embryos, a (III. '01),

5 (XII A. '02) and c (XII. '02), each measuring 7*25 mm. at its

greatest length. Although in many particulars (ci) is the youngest

of the three and (c) is slightly older than (6), in respect of the

eye-mnscle primordia very little difference exists between them.
The invagination of the optic vesicle has advanced still further,

the cavity being reduced to a narrow slit, but the oj^tic stalk still

contains a wide lumen. The lens is closed off from the ectoderm
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and forms a hollow vesicle with thickened walls and a central

cavity.

In (a) the premandibular head-cavity has attained its maximnm
size and, at its widest, has roughly the form in horizontal

section of a right-angled triangle (text-fig. 9, l.h.c.) measuring

•48 mm. transversely X "37 mm. antero-posteriorly X "23 mm. dorso-

ventrally. In (h) and (c) the cavity is smaller than in («), but is

still large, the diflerence being due mainly to a reduction in the

antero-posterior width, which here is only "12 mm.

Text- figure 9.

r-j
\^S.

ay '•''%, I Ao.'Vi*- ^

/-.e.

Tricliosimis vwlpecula. G.L. 7'2o mm. (III. '01).

Hovizontal section througb the head (S 4-4-1), passing- through the dorsal region
of the optic vesicle (op.v.) and through the middle of the left head-cavity (l.h.c.).

The ventral portion of the proliferating bud on the dorso-lateral wall (dl.) and
the thickening on the posteio-medial wall (pm.) are shown, and also the
anterior portion (?'.e.) of the abduc-sns muscle-mass lying posterior to the
cavit}'. Between the latter and abducens muscle-mass runs the oculomotor
nerve (HI.). X 110 and reduced by j.

o.c.t?. =arteria cerebri anterior. P-B.= fore-brain. 7ijj.= hypophysis. ^. F.= Gas-
serian ganglion. w.c.F. = Naso-ciliary branch of the trigeminal nerve.
v.c.ni.—vena capitis medialis.

The thickening of the posterior wall is still more marked than
in the preceding stage and, joining with the j)rominent ventral
proliferation which now forms a conspicuous outgrowth (text-

ligs. 10, 12, & 13, o.inf.), extends out ventro-laterally to taper off

behind and somewhat below the eye. This portion, already
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indicated in the 7 mm. and 6 mm. embryos, develops into the
future m. obliquns inferior.

On the medial side of the primorditim of the m. obliqims
inferior at the lower end of the cavity is a darker patch of cells

(text-fig. 10, 7\inf.), the first indication of the m. rectus inferior,

which therefore apparently arises from the lateral side of the
postero-ventral wall just medial to the m. obliquus inferior.

Text -figure 10.

a c a.

yji-'^ "-"^
',

,'" ' ' ' "'; \'. ,1s*^^ r D

-op.c

W^'/S' "'1, "K"'-'.^' »

p. inf. \ ^ /,
y.c.m., r.inf. Lh.c.

TricJiosuriis vulpecula. G.L. 7'25 mm. (III. '01).

Horizontal section through the head (S 5-1-2), passing through the optic cup {op.c.)

above the optic stalk and through the extreme ventral end of the left cavitj-

{IJi.c). to show the primordium of the m. obliquus inferior {o.inf.) and, just

medial to the latter, the region from which the m. rectus inferior {r.inf.) takes

its origin. X 110 and reduced by J.

a.c.a. -^arteria cerebri anterior. ^5.=fore-brain. 7ij3.=hypophysis.

y.c.m.= vena capitis medialis.

The muscle-bud from the dorso-lateral wall, representing the

primordium of the m. rectus superior, is less conspicuous than

the other proliferations. It is present on both sides, projecting

behind the dorsal part of the optic cup (text-fig. 9, dl.) ; on the

right side in (c) the bud is less distinct, probably owing to the

further thickening of its posterior wall and to the commencing

separation of the' dorso-lateral portion of the cavity from the

rest.

A distinct epithelial layer can only be distinguished on the

side next the fore-brain.

The abducens muscle-mass still consists of two portions. The

dorsal portion (text-fig. 11, r.l.) stretches still further back

on the medial side of the vena capitis medialis as a narrow
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prolongation into which runs nerve VI and becomes continuous
with the anterior part. The latter turns round ahnost at right

angles and runs out laterally immediately behind the postero-

lateral wall of the head-cavity (text-figs. 9 & 12, r.e.). It tapers

ventrally, its lower outer end lying close against the inner
portion of the m. obliquus inferior, the two being connected
through two or three sections.

Text-fiafiu'e 11.

M^W HB

9.c.a.
^CIl./

H>^\~'':^: \
:^ ^Y/;v^^,Cfr'"'^"'^r '«

' "' v^tw f^'^- '^P^^

TricJiosurus vulpecida. G.L. 7'25 mm. (XII A. '02).

Longitudinal section (S 9-3-9), passing througli tlie medial side of the right head-
cavity {r.h.c.) to show the proliferation from the posterior wall (pm.+jjl.)
and the postero-dorsal portion (r.b.) of the abducens muscle-mass. X 110 and
reduced by j.

ff.c.a. =arteria cerebri anterior. I^J?.= fore-brain. a.f.j.=arteria carotis interna.

iri?.= hind-brain. IIl.=oculomotor nerve.

The trigeminal nerve has now both a supra-orbital and a
naso-ciliary branch, running forwards above the bulbus, the

naso-ciliary lying on the outer side of the dorsal end of the
cavity (text-figs. 9 & 13, n.c.V.).

The primordium of the m. obliquus superior is best seen in the
longitudinal series (text-fig. 13, o.s.). It begins a,s a collection

of cells above and anterior to the optic cup and, extending along
the venti-al and ventro-lateral sides of the supra-orbital nerve,

Proc. Zool. Soc—1915, No. XXIII. 23
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it passes back wards and downwai'ds as a solid band of mesen-
cliyme through wliich I'uns the naso-ciliary branch of the tri-

geminal just whore this branch joins tlie ophthalmic. This band
continues ventrally, anterior to the Gasserian ganglion, to join

the intermediai-e ma,ss, the latter being connected posteriorly by
a thin streani of cells round the antoi-o-venti'al side of the same
ganglion with the maxillo-niandibnlar muscle-mass. No iniion

witjj tlie nuixillo-mandibular mesenchyme can be traced in either

Text-figure 1 2.

f^- h.c.

op.c.

Trivhomrus milpecula. G.L. 7*25 nun. (XII a. '02).

Loii'iitudiiial section (S 10-3-1), passing about half-way through the riglit head-
oavity {r.li.c), to show the primovdiuui of the ni. obliquus inferior {o.inf.} and
tlie anterior portion (r.c.) of the abduceiis niuscle-niass lying behind the cavity
and ininiediately in front of the vena capitis niedialis (v.c.m.) and the vena
cerebralis anterior {r.c.a.}. The oculomotor (III.) runs down between the
cavitv and the aliducens mass. X llU.

(T.c.a.^arteria cerebri anterior. o/).c.= optic cup. v.o.i.

inferior.

vena orbitalis

of the transverse series, but the intermediate mass in all three
embryos is still joined with the dorsal outer end of the anterior
portion of the abducens complex. In the transverse series (c)

the intermediate mass appears to have lost its connection with
the m. obliquus superior and is apparently degenerating.

'VUo oculomotor nerve, descendinsr almost directiv ventrallv
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from the mid-brain, runs close to the postero-latercal wall of the

cavity between the latter and the abducens mass (text-figs. 9 cfe 12,

III.). At its distal end it breaks up into many fibres which

extend into the postero-lateral proliferation near the point of

origin of the m. ol)liquns infei'ior.

'J'ext-fiyure 13.

op. c -r«-

,'.%
,$"»

max.md.

\/.O.I

.

Trichosurtig vulpecula. (XIF a. '02.)

Longitudinal section (S 11-1-4), passing through the lateral wall of the cavity and
the priiDOvdiura of the m. obliquus inferior (o.inf.). The primordium of the
m. obliquus superior (o.s.) extends forwards from the intermediate mass
(inf.m.) as a solid band of cells dorsal to the optic cup (o^'c). X 110.

^.'F'.= Gasserian ganglion. »naj'.wi.=maxillo-mandihular mesenchyme. n.c.F.=
naso-ciliary branch of the trigeminal nerve. u.o.j.= vena orbitalis inferior.

Embryo of G.L. 8-5 mm. ('97 Sz lY.'Ol) ( = Stage IX. a & h).

(Text-figs. U-16.)

This stage, which measures 8-5 mm. and of which we have
two embryos, (a) and (b), is a good deal more advanced than the

preceding one.

The primary optic vesicle still shows a well-marked cavity in

the region of attachment of the optic stalk which is still hollow,

and pigment is beginning to form in its outer wall. The inner
wall of the Ions is thickened, its cavitj' being reduced to a narrow
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semicircle, and the eyelid has begun to develop as a fold of the

ectoderm on the ventral and posterior sides of the optic cup.

The premandibular cavity is now represented by a . mass of

mesoderm in which are situated a few cleft-like spaces lying

obliquely on each side of the fore-brain (text-fig. 16, l.h.c). On
this side the cells have lost almost all traces of their former
epithelial character and the spaces are bounded by a thin

degenerating layer only a few cells thick ; the remaining meso-

dermal mass, except those parts which are giving rise to the

eye muscles, is also breaking down.

Text-figure 14.

"

. .^- r.s.

c

v-C.a. ,/

K

.0« O'

V.C
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Further ventvally the cavities have completely disappeared and
from the now solid mass of ceils the m. obliquus inferior runs
outwards and downwards behind the eye (text-fig. 15, o.ii)f.).

Immediatel}^ medial to the m. obliquus inferior the difterentiation

of cells destined to become the m. rectus inferior extends down-
wards, its ventral end turning anteriorly, medial to the bulbus
and below the optic stalk.

Text-figure 15.

r.s. s.o.V.
\ *

o.S.

r.e

o in f-

Tricliosurus mdpecuJa. G.L. 8'5 mm. ('97).

Longitudinal section (S 3-2-8), showing the ni. obliquus superior (o.s.) with its

narrow posterior prolongation and the m. obliquus inferior [o.inf.) extending
below the optic cup {op.c). The distal end of the m. rectus superior {r.s.) and
the lateral side of the anterior portion (r.e.) of the abducens muscle-mass are
also seen. X 110.

^.F.= Gasserian ganglion. jt.c.F.=naso-ciliary branch of V. s.o.F.=supra-
orbital branch of V. mx. P''.= maxillary branch of V.

The primordium of the m. obliquus superior is now established

as an independent structure. Its main portion forms a con-

densed mass of cells lying anterior and dorsal to the eye, and
from this a narrow prolongation projects posteriorly above the
bulbus, the higher pointed end of which comes very close to the
m. rectus superior (text-fig. 15, o.s.). This backward prolongation
is obviously the last remnant of the former connection with the
intermediate mass (compare Johnson, '13, p. 150). The last
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vestiges of the lattei" can only be recognised in the longitudinal

series in front of the Gasserian ganglion and just posterior to

the ventral side of the anterior portion of the abducens muscle-

mass, with which it is no longer connected ; it passes back on
the inner side of the root of the maxillary branch of the tri-

geminal nerve to join with the maxillo-mandibular muscle-mass.

The abducens muscle-mass has not changed in position, except

that the posterior dorsal portion does not seem to extend so far

backwards, and that the anterior portion has grown out still

further laterally (text-figs. 14-16, r.e.).

Text-fieure 16

. op.c

re. tV. v.c.m.

TricJiosiu-us vulpecida. G.L. 8"5 mm. (IV. '01).

Horizontal section through the head (S 7-1-4), sliowing- the last vestiges of the left

head-cavity {l.h.c.) and the developing m. rectus superior (r..s.). The anterior

portion (r.e.) of the abducens muscle-mass lies in front of the vena capitis

medialis [v.c.m) and the Gasserian ganglion (ff.V.), and in it lies the abducens
nerve (VI.). The ventral edge of the m. obliquus superior (o.s.) is just seen

anterior to the optic cup {op.c). X 110 and reduced by^.

a.c.t.= arteria cerebri anterior. J'5.=fore-brain. w.r. T'.=naso-ciliary branch of

the trigeminal nerve. 1 1 1.= oculomotor nerve.

The oculomotor nerve (text-figs. 14 & 16, III.) again divides

at its distal end close to the point of origin of both m. obliquus

inferior and m. rectus inferior into many fine fibres, some of which
penetrate into the m. obliquus inferior itself (see text-fig. 17,

TIL).
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The ciliary ganglion first appears at this stage as a trans-

versely elongated mass of ceils, situated between the ventral end
of the anterior portion of the abducens complex and the point of

origin of the m. obliquus inferior and the m. rectus infeiior

(text-fig. 14, cil.g.).

The trochlear nerve was observed for the first time in the

longitudinal series but it could not be made out in the horizontal.

It arises in the usual way from the dorsal side of the brain and
runs ventrally almost as far as the level of the dorsal border of

the Gasserian ganglion.

The first indication of the formation of muscle cells is seen in

series (6) and is most marked in the mm. recti superior, inferior

and externus, less definite in the m. obliquus inferior, and not

recognisable at all in the m. obliquus superior.

Embryos of G.L. 9-5 mm. (V. '01) & 10 mm. (VI. '01)

( = Stages X. & XI.). (PI. I. figs. 1, 2 & text-fig. 17.)

These two embryos, measuring 9*5 and 10 mm. respectively,

resemble in many respects those of the last stage but show in

some details a slight advance in development.
The outline of the eye is more oval and the evelid has closed

over at the extreme ventral side of it. At 10 mm. the cavity of

the lens is fm-ther reduced and the opening in the optic stalk is

narrower.

A slit-like remnant of the head-cavity is still present in both
embryos (text-fig. 17, l.h.c). Figs. 1 & 2 (PI. I.) show posterior

and anterior views of a w^ax-plate model of the embryo of

9*5 mm. The m. rectus superior is now quite conspicuous and
has grown forwards and dorsally above the optic cup (figs. 1 & 2,

r.s.). Below the latter the m. obliquus inferior extends down
from the postero-lateral corner of the solid mass of mesodenn
which has taken the place of the former head-cavity (fig. 1,

o.inf.). The m. rectus inferior is now more marked and stretches

out anteriorly below the optic stalk (fig. 2, r.in/.). The m.
obliqiius superior (fig. 2, o.s.) lies in the same position as in the
last stage ; but is larger and more prominent and still retains

the narrow prolongation running backwards towards the m. rectus

superior (fig. 1, r.s.). The two portions of the abducens complex
are well seen in the model (PI. I. fig. 1 and text-fig. 17, r.b. &
r.e.) and are very similar to the embryo of 8"5 mm.
At 10 mm. the differentiation of muscle fibres is well estab-

lished and can be seen in all the developing eye muscles.

In both embryos, at the point of origin of the m. rectus

inferior and m. obliquus inferior, a narrow band of mesodermal
cells runs directly outwards immediately anterior to the m.
obliquus inferior and becomes united with the ventral side of

the eyelid posterior to the optic cup (PI. I. figs. 1 & 2, -{-).
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Text-figure 17.

a.c.a.

LAc.

Ti'icJiostirus vulpecula. G.L. 9'5 mm. (V. '01).

Horizontal section through the head (S 4^3-5), passing through the optic cup (op.c),

optic stalli {op.s.) and lens (?.), and showing the hist vestige of the left head-
cavity (l.h.c.) and the proximal end of the m. obliquus inferior {o.inf.), into
which fibres of the oculomotor nerve (111.) penetrate. The two portions (r.6.

& r.e.) of the abduceus rauscle-mass are well seen and are penetrated bj' the
abducens nerve (VI.). X 110 and reduced by 5.

a.c.a. —arteria cerebri anterior. i^i?.= fore-brain. ^.K= Gasserian ganglion.

M..C. F.=naso-ciliary branch of the trigeminal nerve. v.c.m.= YQX\a. capitis

medialis.

Embrvos of G.L. 11 mm., 11*5 mm., & 12 mm. (= Stages XII.
& XIII.). (Text-fig. 18.)

The observations were made from six embryos, one of 11 mm.
(XII. '04), four of 11-5 mm. (XXII. '04, 5 '97, 9 '98, & VII. '01),

and one embryo of 12 mm. (X. '01).

The lumen of the optic stalk is very small and the cavity of

the lens is considerably reduced compared with the 10 mm, stage.

A thick strand of cells running postero-medially towards the
hypophysis on each side of the fore-brain is all that remains of

the unused walls of the former head-cavity. With the lateral

end of this strand is connected the m. rectus superior which,
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running dorsally outwards, ends above the eye just behind the
middle of the latter (text-fig. 18, r.s.).

The m, rectus inferior (text-fig. 18, r.inf.) arises below the
proximal end of the m. rectus superior with which it is joined
by a slender connection ; it has increased in thickness and passes
out ventrally and anteriorly below the optic stalk. Behind the
middle r-egion of this muscle, towards its proximal end, a small
new oftshoot branches out and stretches up dorsally on to the
anterior side of the optic stalk ; this is the first appearance of

the m. rectus internus (text-fig. 18, r.i.).

;vVvv,

-n.c.V.
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increased in length and runs from the dorsal anterior side of the

bulbus inwards and slightly downwards (text-fig. 18, o.s.).

The anterior portion of the abducens muscle-mass (text-fig. 18,

r.e.), which we may now call the m. rectus externus, stretches

out laterally in the usual position posterior to the other muscles

and just behind the ciliary ganglion, its pointed lateral end
extending outwards towards the posterior border of the eye.

The inner dorsal portion of the mass, however, is now shorter

and its anterior end, which is united with the m. rectus externus,

has thickened, the thickening being the preliminary stage of the

later forward movement of this poi'tion which is the primordium
of the m. reti^actor bulbi.

The oculomotor nerve passes ventrally from the mid-brain

anterior to the Gasserian ganglion, gives off a twig into the

proximal end of the m. rectus superior, then goes downwards
through the medial side of the ciliary ganglion immediately

behind the optic stalk. Leaving the ganglion, it gives oflf a

branch to the m. rectus inferior and runs outwards on the

postero-lateral side of the latter to send an offshoot to the

m, obliquus inferior (text-fig. 18, III.). Thus all the oculomotor

muscles receive their nerve supply at practically the same time.

The ciliary ganglion is slightly larger than at the last stage and
forms a transversely elongated mass of cells lying on a level with

the optic stalk between the ventral end of the m. rectus externus

and the proximal end of the m. rectus inferior.

The trochlear nerve can now be followed from the dorsal

sui'face of the bi-ain downwards immediately in front of the

Gasserian ganglion, its distal end turning forwards to run into

the m. obliquus superior.

As in the last stage, a strand of mesoderm cells extends

laterally from the proximal end of the m. rectus inferior to the

ventral border of the eyelid, but here, owing to the forward

movement of the m. obliquus inferior below the bulbus, this

strand now lies doi-sal and posterior to the latter muscle.

The embryo of 12 mm. only diflTers in the following respects

from the 11 "5 mm. The eyelids have folded completely over the

eye; all the muscles have increased in size and every trace

of the walls of the former head-cavity has disappeared. The
attachment of the distal end of the m. obliquus inferior to

the ali-nasal cartilage has begun and the anterior end of the

primordium of the m. retractor bulbi, only apparent as a

thickening in the last embryo, now projects slightly forwards

towards the optic stalk.

Embryos of G.L. 13 & 13-5 mm. ( = Stage XIY.).

The stage consists of three embryos, two measuring 13 mm.
(a) (IX. '01) & {b) (XXV.), and the third (c) (XXIY.) with a

length of 13"5 mm.
The optic stalk is still hollow, though its cavity is very small
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and difficult to see in the mid-region of its extent. In (a) the
eyelids have folded completely over the eye, but in (b) they have
closed over the lower half only and here the lens is solid.

Otherwise the eye resembles that of the last stage.

A vestige of the walls of the former head-cavity is still present
in embryo (a) only, and is seen as a strand of cells running back-
wards and inwards from the medial end of the m. rectus supei-ior.

In (a) the latter is an independent muscle, whereas in (b) and (c)

it is apparently still joined with the m. rectus inferior.

As the positions of the muscles at this stage are very much
the same as at 15 mm., of which a wax model has been con-

structed, they will be described in detail in the sequel. A few
remarks may, however, be made here. The m. rectus internus
is as yet very short and at 13 mm. the m. rectus inferior is still

attached to the m. obliquus inferior, but the sepai-ation of the
two muscles is complete at 13"5 mm. The m. obliquus inferior

is now definitely attached to the ali-nasal cartilage ; it has thus
changed its position, its outer end turning inwards to the point
of attachment, while the proximal end is inserted into the
antero- ventral side of the bulbus.

The part of the abducens muscle complex destined to form
the m. retractor bulbi has grown still further forwards and
oiitwaxds towards the medial wall of the eyeball. From its

lateral side the m. rectus externus extends almost directly out-

wards to the posterior lower wall of the bulbus, the two muscles
running out at an acute angle to each other, the m. reti'actor

bulbi crossing the inner end of the m. rectus externus.

Embryos of G.L. 14, 14-5, & 15 mm. ( = Stage XY.).
(PI. II. figs. 3-5.)

In this stage we have an embryo of 14 mm. (XXIII.), two
pouch young of 14-5 mm., a (XV. '02) and b, and one of 15 mm.,
the last three being recently born.

The eyelids are now quite folded over but the optic stalk

still contains a minute cavity.

The m. rectus superior (PI. II. fig. 4, r.s.) runs from behind

the inner end of the optic stalk just above the proximal end of

the m. rectus inferior slightly dorsally and outwards, its pointed

outer extremity being inserted in the eyeball dorsal to the

posterior side of the latter and at a slightly lower level than the

m. obliquus superior.

The m. obliquus superior (PL II. fig. 3, o.s.) is now a stronger

better developed muscle than at 13 mm. It extends directly

outwards over the anterior side of the bulbus, its broad inserted

end, which is flattened antero-posteriorly, stretching further

laterally over the eyeball than any of the other eye muscles.

The m. rectus inferior (PI. II. figs. 3 & 5, r.inf^ arises from
below the inner end of the optic stalk and passes downAvards and
slightly anteriorly below the &talk a^ a broad muscle which tapers



326 MISS E. A. FRASER ON THE DEVELOPMENT

gradually as it proceeds below the bulbus, its pointed ventral

end being inserted close to the m. obliquus inferior. Near its

wide proximal end, immediately in front of the optic stalk, the

m. rectus internus branches off and runs outwards with a slightly

dorsal trend on to the anterior side of the bulbus close below the

m. obliquus superior (figs. 3 & 5, r.i.). The m. rectus internus

is as yet a much thinner and shorter muscle than the m. rectus

inferior but has nevertheless grown considerably since our last

stage, now stretching farther laterally and upwards towards its

future point of insertion in the eyeball.

The m. obliquus inferior (PL II. figs. 3-5, o.inf.) is no longer

connected with the m. rectus infei'ior. It appears as a more or

less dorso-ventral ly flattened structure of a somewhat oblong

shape, having a slightly longer axis in an obliquely antei'O-

posterior direction ; as at 13"5 mm., its now proximal but formally

distal end is attached to the ali-nasal cartilage, the opposite

once proximal end extending towards the lower anterior side of

the bulbus.

As regards the abducens complex, we see at 15 mm. veiy little

advance compared with the last stage. The portion corresponding

to the m. retractor bulbi (figs. 4 & 5, r.h.) stretches farther

inwards and posteriorly than any of the other muscles ; it

increases in thickness as it runs antero-laterally and downwards
towards the outer end of the optic stalk, its distal end lying just

behind the junction of the oculomotor with the ciliary ganglion.

In the model this end shows the first indications of growth round
the posterior side of the optic stalk, but this growth round the

stalk is, however, more marked in 14 mm. and 14*5 mm. The
m. rectus externus (figs. 4 & 5, r.e.) stretches from the lateral

side of the m. retractor bulbi, not far from the anterior end of

the latter, outwards and downwards, its outer pointed end lying

below the postero-venti'al side of the bulbus some distance

behind the outer end of the m. obliquus inferior.

The abducens nerve extends forwards from its origin and then

downwards on the outer side of the m. retractor bulbi, running

into the abducens complex at the region where the two components
of the latter are joined with one another (fig. 4, VI.).

The oculomotor nerve (PI. II. figs. 3-5, III.) runs forwards

medial to the naso-ciliary branch of the trigeminal into the

posterior end of the m. rectus superior, and continvies obliquely

outwards and downwards close against the inner end of the

ciliary ganglion and along the side of the m. rectus inferior next

the eye. It gives off fibres on this same side into the root of the

m. rectus internus. Leaving the m. rectias inferior before the

latter reaches the bulbus, it passes anteriorly and ventrally into

the m. obliquus inferior.

The ciliary ganglion forms an elongated mass of cells stretching

out below the optic stalk ; at 15 mm., as seen in the model (fig. 5,

cil.g.), it is not so elongated as in some of the examples measuring

13 mm. and 14 mm.
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The distal end of the trochlear nerve (figs. 3-5, IV.) runs
forwards and outwards into the posterior side of the medial end
of the m. obliquus supei'ior.

The naso-ciliary branch of the trigeminal nerve (figs. 3-5, V.)
passes out immediately lateral to the oculomotor, downwards
below the posterior side of the m. rectus superior, and forwards
above the optic stalk and along the anterior lower border of the

medial end of the m. obliquus sujaerior to the snout.

Foetus of G.L. 17 and of 17*5 mm.

This stage consists of two pouch young, one measuring 17 mm.
and the other 17'5 mm. The optic stalk has quite disappeared and
the eye muscles have practically attained their adult positions.

The distal end of the m. obliquus superior turns posteriorly

and comes to lie so close to the outer end of the m. rectus superior
that the two muscles are inserted almost at the same place.

The m. rectus internus has increased greatly in size and is

now a well-developed muscle ; it is, however, still connected witli

the m. rectus inferior at its proximal end by a thin band of cells.

The m. obliquus infei'ior, as in our last stage, runs obliquely
backwards from the ali-nasal cartilage, its posterior end now
being inserted anterior to and on the lateral side of the m. rectus

externus.

The m. rectus externus and the m. retractor bulbi are now
separate muscles. The former is inserted on the posterior side

of the bulbus ; at about its mid-region on the anterior side, an
indentation is present which in all probability represents the
first indication of the later division of the muscle into two portions.

The m. retractor bulbi has developed considerably ; it extends
from the middle of the basisphenoid cartila,ge, to which it is

becoming attached, anteriorly and outwards, its distal end
surrounding the posterior side of the optic nerve in the shape of

a half moon, the pointed ends of which stretch out, the one above,
the other below the nerve. The m. retractor bulbi is innerv^ated

by a small branch from the abducens nerve before the latter runs
into the m, i-ectus externus.

Fcetus of G.L. 5-2 cm. (Text-fig. 19.)

The m. retractor bulbi (text-fig. 19, r.b.) has now attained its

adult position. It enters the orbit on the posterior side of the
optic nerve and, surrounding the latter, stretches outwai-ds as a
circular sheet of muscle gradually diminishing in thickness and
increasing in circumference up to its insertion round the inner
side of the bulbus within the recti muscles. The two edges of
the sheet lie close together, especially at its outer end, but they
never completely fuse.

The proximal end of the m. rectus externus (text-fig. 19, r.e.)

is split up into two portions, already indicated at 17 mm., which
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unite distally to have a single insertion on the posterior side of
the bulbus.

Text-fifi-ure 19.

r.e.

re.

-r. Inf.

r.i.

Trichoswus vulpecula. G.L. 5'2 cm.

Longitudina] section (S 23-1-5) passing through the optic nerve (II.) and the
surrounding eye muscles. The m. retractor bulbi (r.b.) forms a circular sheet
of muscle within the other eye muscles. The two portions of the m. rectus
externus {r.e.) are also seen. X 35.

?.jp.s.=levator palpebrse superioris. o.s.=m. obliquus superior. VI.=abducens
nerve. r.i.=va. rectus internus. r.inf.= m. rectus inferior. r.s.= m. rectus
superior.

Swmmary of Events in Trichosurus vulpecula.

In early stages a large premandibular cavity surrounded by
a single epithelial layer of cells is present on each side of the
fore-brain posterior to the optic vesicles.

In the 7 mm. embryo an extensive thickening occurs on the
lower two-thirds of the posterior wall, later (in the 6 mm.
embryo) extending on to the ventral wall of the cavity. From
this thickening the m. obliquus inferior and the common
primordium of the m. rectus inferior and m. rectus internus
develop, the first to appear being the ni. obliquus inferior which
grows out laterally as a solid protuberance from the ventro-
lateral side ; the m. rectus inferior arises a little later (in the
embryo of 8-5 mm.) as a foi'ward extension from the thickened
wall immediately medial and slightly ventral to the m. obliquus
inferior.
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As development proceeds, the m. obliquus inferior moves
forwards below the eye, its distal end turning inwards in the
11*5 mm. embryo to become attached to the ali-nasal cartilage.

Jt becomes independent in the 13"5 mm. embryo and its origin-

ally proximal end moves outwards to reach its final insertion on
the antero- ventral side of the bulbus. This muscle thus under-
goes a noteworthy change in position. The m. rectus inferior

grows forwards and outwards, becomes independent and finally

extends downwards fi'om below the inner end of the optic cup to

become inserted in the ventral side of the bulbus close to the
m. obliquus inferior.

From the dorso-lateral region of the cavity in the 6 mm.
embryo appears a bud-like outgrowth whose surrounding walls,

especially that of the posteiior side, proliferate and give rise to

the m. rectus superior. The primordium of this muscle grows
antero-posteriorly over the eyeball, becomes independent and
very early attains its final position (11 to 12 mm.).
The remaining walls of the head-cavity undergo degeneration

and become obliterated in the surrounding mesenchyme.
The m. rectus internus is the last of the eye muscles to make

its appearance. It first develops in the 11 mm. embryo as an
outgrowth from near the proximal end of the m. rectus inferior

and grows dorso-laterally to become inserted on the anteiior side

of the bulbus.

The abducens complex is first seen as a solid mass of cells

lying posterior to the premandibular cavity and consisting of

postero-dorsal and antero-ventral portions. The latter grows
out laterally as the m. rectus extern us and the former grows
forwards and outwards, crossing the inner end of the m. rectus
externus, its distal end finally surrounding the optic nerve as the
m. retractor bulbi. The m. retractor bulbi is the last of the eye-

muscles to assume its final position.

The m. obliquus supei-ior takes its origin from a, mass of cells,

termed by me the intermediate mass, which can be traced down-
wards into continuity with the maxillo-mandibular mass of

mesenchyme. The anterior band-like part of the intermediate
mass separates ofi' to form the primordium of the m. obliquus
superior. It grows inwards to form a muscular band, which
extends out from above the n^. rectus internus to the anterior

side of the bulbus.

The more posterior portion of the intermediate mass, attached
to the maxillo-mandibular mesenchyme, is wider and composed
of more loosely arranged cells, and is also connected in our earlier

stages with the lateral side of the primordium of the m. rectus

externus and for a still shorter period with the postero-lateial

wall of the head-cavity. After the m. rectus externus and the
m. obliquus superior become independent the intermediate mass
disappears.



330 miss e. a. fraske on the development

Notes on other Marsupials.

Phascolarctos cinereus. Embiyo of G.L. 4 mm.

Our earliest stage of Phascolarctos cinereus measures 4 mm.
at its greatest length. The outer wall of the optic A^esicle is

thickened and flattened and the optic stalk is in wide communi-
cation with the fore-brain.

Situated postero-medially to the optic vesicle on each side is a
large preraandibular head-cavity, the long axis of which lies in

tlie sections in an obliquely antero-posterior direction. From
the posterior and postero-lateral walls active proliferation is

taking place by means of hollow buds which are growing out from
the cavity, a solid mass of cells being formed by the thickened
walls of one bud running into those of another. Next the fore-

brain the walls consist of a single epithelial layer, which in some
places, however, is not distinctly seen.

Unfortunately, this embryo is not well preserved and the

abducens muscle-mass is very diflicult to distinguish from the
thickened posterior wall of the head-cavity.

Embryo of G.L. 7-5 mm. (Text-fig. 20.)

An older embryo, measuring 7'5 mm., shows the optic vesicle

much further invaginated and tlie primordium of the lens in the
form of a thickened hollow ingrowth from the ectoderm:

The head-cavity has increased considerably in size, having a

maximum diameter of '30 mm. X '26 mm. (text-fig. 20, ?'.7i.c.), and
its antero-ventral portion has grown forwards above the optic

vesicle. The whole of the posterior wall is thickened ; hollow

buds, many of which are long and tubular, I'un out into a mass
of closely packed cells, the entire region appearing as an irregular

mass pitted with small hollow spaces (text-fig. 20, j)-)- The wall

next the fore-brain, as in our first stage, is composed of a single

layer of cells.

The abducens muscle-mass, which is clearly recognisable, con-

sists of a narrow postero-dorsal portion lying along the medial
side of the vena capitis medialis ; this continues into the larger

anterior part, which extends obliquely forwards and downwards
postero-laterally to the head-cavity to meet the intermediate

mass. The latter stretches forwards just above the optic vesicle

into a bulbous extension, the primordium of the m. obliquus

superior, and runs downwards into the maxillo-mandibular

mesenchyme; it is also connected with the postero-lateral wall

of the head-cavity.

The oculomotor nerve is well developed, its distal end termi-

nating some distance from the head-cavity.
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Text-fio-ure 20.

331

Fhascolarctos cinereus. G.L, 7'o mui.

Horizontal section through the head (S 5-3-7), passing immediately above the
optic vesicle and just below the middle ot the right head-cavity [r.h.c.) The
posterior wall of the cavity is actively proliferating {p.). Size of cavity
•30 mm.X'26 mm. XllU and reduced by \.

a.c.a. — arteria cerebri anterior. ^^2?.= Fore-brain. /?j5.= hypophjsis.

Embiyo of G.L. 9 mm. (Text-fig. 21.)

At 9 mm. the aptic vesicle is dosed except on tlie medial side

where the liollow optic stalk runs inwards to the fore-brain. The
lens has now the foi'm of a vesicle and is no longer connected
with the ectoderm.

The head-cavity is still larger (text-fig. 21, l.h.c.) and resembles
in shape that of Trickosurus, embryo («) 7 -25 mm. A large bud
is present on the dorso-lateral side, the posterior and ventral walls

of which are thickened, whilst the whole of the postero- lateral

wall of the cavity is actively proliferating.

The primordium of the m. obliquus inferior runs out from the
postero-lateral side of the cavity behind the optic vesicle, and
medial to this muscle there is an indication of the future m. rectus

inferior.

The abducens muscle complex is well marked in this embryo,
and its connection with the intermediate mass and the m. obliquus

superior is clearer than in any of the embryos of Trichosurus
examined (text-fig. 21). The abducens nerve runs into the

postero-dorsal poi'tion which is situated in its usual position

medial to the vena capitis medialis ; the anterior portion (text-

fig. 21, r.e.) lies along the postero-lateral side of the cavity in

Proc. Zool. Soc—1915, No. XXIY. 24
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front of the vena capitis meclialis and stretches laterally into the
intermediate mass (text-fig. 21, int.m.). The latter extends, on
the one hand, forwards and upwards to be connected by a narrow
band of cells with the m. obliqnus superior (text-fig. 21, o.s.)

and on the other, downwards and backwards to join the maxillo-
mandibular mesenchyme.

Text-fio-ure 21.

ih.i

n.c Vp^

Fltascolarctos cineretis. G.L. 9 mm.

Horizontal section through the head (S 4r-2-6) passing through the left head-

cavitj' {J.Ji.c), about a quarter of the way down, and showing the m. obliquus

superior (o.s.) growing forw ards from the intermediate mass (int.m.), this being

also united with the abducens muscle-mass (r.e.). In the next few sections

further veutrally, the intermediate mass is joined with the postero-lateral wall

of the head-cavity at approximately the region marked *. X 110 and reduced

byi.

a.ca.=arteria cerebri anterior. JFJ?.= fore-brain. £r.F.= Gasserian ganglion.

7ijO. = hypoph3'sis. w.c.]-''. = naso-ciliary branch of the trigemiuai nerve.

w.ea.=vena cerebralis anterior. r.c.)B.=vena capitis medialis. III.=oculo-

motor nerve.

The m. obliquus superior is a compact mass of cells lying

antero-laterally to the cavity above the optic cup. The intei--

mediate mass a few sections below the level of text-fig. 21 is

attached to the extreme postero-lateral wall of the cavity.

The oculomotor nerve runs down close to the postero-lateiiul

wall of the premandibular cavity (text-fig. 21, III.) and below the

level of the same splits np into many fibres near the point of

origin of the m. obliquus inferior.
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Embryo of G.L. 11 mm.
In oiii" next embryo, which measures 11 mm., all traces of the

head-cavity have disappeared, the m. obliqiius inferior has begun
to move forwa,rds below the eye and the m. rectus inferior is

further developed. Phascolarctos has now reached a stage in

development intermediate between that of the Trichosuriis

embryos of 10 and 11 mm.
The later history of the eye muscles is similar to that of

Trichosurus and need not again be described.

Phascglomys mitchelli. (Text-fig. 22.)

The two youngest embryos of Phascolomys oniichelli measure at

their greatest length 9 mm. and 8-5 mm. respectively ; the former
is slightly the younger of the two.

Tiie optic vesicle is closed and the optic stalk is in wide com-
munication with the fore-brain ; the lens is a hollow vesicle shut

off from the ectoderm.

Text-fiijure 22.

V c a

Op-C

o.inf

v.c.m:

* "''. • i % \ ,
'

,
' » <• *

^

•' .' 1

max. md.

JPhascolomys mitchelli. G.L. 8'o mm.

Longitudinal section (S 2-1-1) passing througli the lateral side of the right head-

cavity {r.h.c.) and showing the proliferation from the dorso-lateral wall {d.l.)

and the primordium of the m. obliquus interior {o.inf.). The intermediate mass

{int.m.) situated between the cavity and the Gasserian ganglion (//. F.) is seen to

he connected with the maxillo-mandibular mesenchyme (max.md.) by a baud

of cells lying just on the medial side of the vena orbitalis inferior (v.o.i.).

X 110 and reduced by i.

a.c.fr.= arteria cerebri anterior. oj9.c.=optic cup. y.c.a.=vena cerebralis anterior.

y.c.jH. =vena capitis medialis. v.o.i.— vona, orbitalis inferior. IIL= oculomotor

nerve.
24*
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111 the 9 mm. embryo the head-cavity is large and ti'iangular

in shape, resembling that of the 9 mm. stage of Phascolarctos,

while in the 8'5 mm. specimen it is much reduced in size (text-

fig. 22, r.h.c). In both embryos a dorso-lateral proliferating

muscle-bud is present (text-fig. 22, d.l.)^ and the m. obliquus

inferior extends down from the ventro-lateral wall posterioi' and
ventral to the optic cup (text-fig. 22, o.inf.).

Tlie anterior portion of the abducens muscle complex is joined

with the intermediate mass, and the connection of the latter with

the maxillo-mandibular mesenchyme by means of a wide band of

cells is well seen in the 8"5 mm. embryo (longitudinal series)

(text-fig. 22).

The m. obliquus superior has the same appearance as in the

9 nun. stage of Phascolarctos; on its inner border it practically

suri'ounds the supra-orbital branch of the trigeminal neive.

The oculomotor nerve is prolonged ventrally into the m. obliquus

infei'ior and the abducens nerve runs into the hinder end of the

postero-dorsal portion of the abducens muscle complex.

The examination of the two older stages, measuring 15-5 mm.
and 17*5 mm. respectively, shows that the further development of

the eye muscles proceeds as in Trichosurus.

Macropus ruficollis. (Text-figs. 23 & 24.)

Only one embryo of Macropus ruJicoUis, with a maximum length

of 6'7 mm., came under observation. The optic vesicle is

Text-fioure 23.

a.c.a a.c.a.

Macropus ncficoUis. G.L. 6"7 mm.

Horizontal section tlivougli the head (S 4-2-1) showing the head-cavity on
each side {I.h.c. & r.h.c). Size of cavities: lelt ='29 mm.X"14 mm.; right
= •30 mm.X'16 mm. X50 and reduced by i.

a.c.a.= arteria cerebri anterior. J^i?. =fore-Lraiii. 7/p.= hypophysis.
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flattened, its outer layer being much thickened and bulging into

the cavity, and the wide opening in the optic stalk is connected

with the fore-brain. The ectoderm opposite the vesicle is as yet

only slightly thickened on the ventro-lateral side of the latter.

This embryo possesses a large premandibular head-cavity on

each side of the fore-brain in the usual position medial and

posterior to the optic vesicle (text-figs. 23 & 24, l.h.c. & r.h.c).

The dorsal portion of the cavity is somewhat irregular in shape

with a small area marked ofi" towards the median plane by a

Text-figure 24.

&

Macropus ruHcolUs. G.L. 6'7 mm.

Left liead-cavit^' {l.h.c.) showing its lining of a single layer of epitlielial cells.

Size of cavity=-29 mm.X'M mm. X200.

consti-iction as in Trichosurus
.,
embryo («), 5 mm, ; further

ventrally, it assumes a more oval form (text-figs. 23 & 24, l.h.c. &
7'.h.c.), measuring on the left side '29 mm. x "29 mm. x*14 mm.
and on the right '31 mm. x "30 mm, X'16 mm., the shortest

measurement being the ti'ansverse one. It is lined throughout
by a single layer of epithelial cells.

The abducens muscle complex, the intermediate mass and
the primordium of the m. obliquus superior are ignited in the

usual way, but their respective limits are difficult to determine
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as their component cells are loosely connected and rather spread

out, so that they are not easily distinguished from the surrounding

mesenchyme. The primordium of the m. obliqnus superior is

moi-e compact than the rest and forms a large rounded mass above

the optic vesicle, posterior to and on the outer side of the supra-

orbital branch of the tiigeminal nerve.

Perameles spp. (Text-fig. 25.)

Our first stage of Perameles is an embryo of P. nasuta

measuring 5*7 mm. at its greatest length. The primary optic

vesicle is flattened and the outer layer thickened, and the

optic stalk contains a wide cavity communicating with the

fore-brain. The adjacent ectoderm is enlarged and slightly

invaginated to form the primordium of the lens.

Text-figure 25.

Perameles nasuta. G.L. 5"7 mm.

Horizontal section tlirougli the head (S 4-1-11), showing the left head-cavity

(J.h.c.) when at its largest. X 110.

a.c.a. = arteria cerebri anterior. FB. = fore-brain, lip. = hj'pophysis.

op.v. = optic cup.

A small very reduced head-cavity is to be seen on each side

posterior and medial to the optic vesicle (text-fig. 25, l.h.c).

It is very irregular in form, is much broken up, and for the

most part is bordered simply by mesenchyme cells, a definite
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layer of epithelium having been observed only in the section

figured where the cavity is larger than it is elsewhei-e. There
appear to be proliferations of cells round parts of the cavity

but no definite muscle-masses can be distinguished.

The m. obliquus superior and the abducens muscle-mass are

connected by means of the intermediate mass and show the

same relations as described for other genera. A portion of

the intermediate mass is apparently joined with a side of the

head-cavity but the limits between the parts are again difilcult

to make out.

In the next embryo, which measures 7 mm., the cavity of the

optic vesicle is almost closed and the lens forms a hollow vesicle

but the optic stalk is still widely open. Small head-cavities are

again found, the one on the left side being larger and better

developed than in the 5' 7 mm. embryo, while that on the right

is more or less broken up. On both sides a thickening is present

on the postero-lateral side of the head-cavity and the primordium
of the m. obliquus inferior extends down below the cavity ; on

the left a proliferating dorso-lateral bud is present.

In the 8"75 mm. embryo of P. obesula the cavities have almost

disappear-ed and may be compared with the traces of the head-

cavity still left in the 8"5 mm. embiyo of Trichosurus. The
muscles are developing as in the latter.

DiDELPHYS MARSUPIALIS. (Text-fig. 26.)

We had at our disposal only one embryo of Bidelphj/s

measuring 8*5 mm. The optic vesicle is completely invaginated

and its cavity obliterated ; the optic stalk on the right side

contains a prominent cavity connecting it with the fore-brain

but on the left it is almost solid, only a few very small hollow

spaces remaining, and these are chiefly on the side next the brain.

On the left side the lens has just separated ofi" from the ectoderm

but lies close to the latter and is of a remarkably small size, but

on the right no lens could be seen and had apparently not yet

begun to develop.

No head-cavities are present but in the usual position of the

latter, posterior and dorsal to the eye, lies a condensed mass of

mesenchyme cells from which the eye muscles are developing.

On careful examination, the postero-lateral side of this mass,

which extends obliquely forwards in front of tlie vena capitis

medialis, is recognised without difiiculty as the abducens muscle-

mass (text-fig. 26, r.e.) ; lying parallel to this, on the anterior

side of the whole group of cells, we see the future m. rectus

superior (text-fig. 26, r.s.), between the medial side of which
and the abducens muscle-mass runs down the oculomotor nerve.

The lateral side of the abducens muscle-mass is joined with the

intermediate mass which, stretching forwards above the eye, is

continued into an outgrowth corresponding to the primordium

of the m. obliquus superior (text-fig. 26, o.s. and int.m.). The
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intermediate mass is also united with tiie lateral side of the
primordium of the m. rectus superior, thus recalling the con-
nection of the intermediate mass with the postero-lateval wall of
the head-cavity in other marsupials. The central region of the
cell group is compact and as one passes further ventrally, below
the section figured, the primordium of the m. obliquus inferior
is seen to grow out downwards from this region, its approximate
position being marked in the diagram by a broken circle
(text-fig. 26). In still younger embryos it is possible that
vestiges of a cavity may be present, but if so they becoxne
early obliterated.

Text-fio'ui^e 26.

^•ca.

Didelphys marsupialis. G.L. 8'5 mm.

Horizontal section tliyoiigh the bead (S 2-4^11), showing tlie mass of mesenchyme
dorsal to the optic cup, from which the eye muscles are developing. The broken
circle indicates approximately the area from which, further ventrally, the
primordium of m. rectus inferior grows out. X 101) and reduced by i.

a.c.a. = arteria cerebri anterior. FB. = fore-brain, int.m. = intermediate mass-
es. = m. obliquus superior, r.e. = anterior portion of abducens muscle-mass.
r.s.==m. rectus superior. i).e.a. = vena ' cerebrab's anterior, v.c.m. = veua.
capitis medialis. v.o.i. = vena orbitalis inferior. III. = oculomotor nerve.

The conditions in Didelphys are interesting, as they may
possibly form a clue to the more accurate identification of the
group of mesenchyme cells from which the eye muscles arise in
higher mammals. Renter ('97), as already mentioned, regards
the eye muscles in the pig as originating from a single mass
of mesenchyme cells. In the description of his earliest stage
(G.L. 10 mm.) he says (p. 384) :—" Sie [die allererste Anlage
der Augenmuskeln] hat die Form einer gestielten Sichel und
umgreift mit den beiden nach vorn gerichteten Schenkeln den
Augenstiel, wahrend der dritte hintere Schenkel vom JST, abdu-
cens fortgesetzt wird. Die Spitze des oberen Schenkels bildet
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sicli mit ihrem Nerven, clem IST. trochleai-is, am spiitesten aus."

By the second stage (G.L. 13 mm.):—"Die Muskulatiiranlage
wandert nacli vorn gegen den N. opticus hin und verliert ihren

hinteren Schenkel, welcher von der Vena jiigularis nach voi'n

zusamniengedrangt wird." It will be remembered that in

Trichosurus (G.L. 7 mm.) the root of the vena cerebralis

anterior penetrates through the dorsal side of the larger anterior

portion of the abducens muscle-mass ; this does not occur in the
specimen of Dldelphys which has perhaps passed this stage in

development.

Dasyurus viverrinus.

A good series of embryos of Dasyurus viverrinujS was examined
and no signs of any head-cavities were observed. The small size

of these embryos, however, makes it exceedingly difficult to

identify any small vestiges of cavities which might possibly
persist.

We may conclude from the preceding facts tliat the occurrence

of well-developed preinandibular head-cavities is chai'acteristic of

the Diprotodontia, large cavities being found in Trichosurus,

Phascolarctos, Phascolomys and Macro2nis. In the Polyproto-

dontia, on the other hand, cavities may be present, as for

example in Ferameles, but only in the form of comparatively

small irregular spaces, quite insignificant as compared with those

in the former group, or tliey are altogether absent, as in Dasyurus
and probably also in Didelphys, the muscles from the first somite
then developing from a solid mesodermal mass as in higher
mammals.

Although there are variations in the mode of proliferation

from the walls of the premandibular cavity in the different

genera,, the later development of the eye muscles presents much
similarity and Trichosurus may be regarded as typical.

CoxcLUDixG Remarks.

From the foregoing observations we have further evidence of

the unique j^osition occupied by the marsupials in the Class

Mammalia. The possession of well-developed premandibular
head-cavities, as yet observed in no other mammals, recalls the

conditions existing in many reptiles. These cavities correspond

very closely with those found in the lizard (Corning, '99), in the

snake (Oppel, "90) and in the Chelonia (Filatoff, '07 & Johnson,

'13).

Owing to lack of material of early stages it has not been

possible to determine the exact mode of origin of the cavities

at the anterior end of the head in marsupials, or even to establish

the existence of a median piece connecting the two across the

middle line. The connecting piece in reptiles very often forms

a wide cross-canal, which may persist until a comparatively late
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stage or may disappear before the cavities have a-ttained their
maximum size. This variation is mentioned by Corning ('00)

(p. 66) :
—

" Aus den Oppel'schen Figuren, wie aus den meinigen,
geht hervor, wie stark die Variationen sind, welche man in
Bezug auf die Aiisbildnng des mittleren Yerbindungsstiickes
zwischen den beiden Kopfhohlen antrifi"t. Nicht selten bleibt
die Verbindung noch in relativ spater Zeit bestehen, in anderen
Fallen is sie schon zu einer Zeit verschwunden, wo die Hohlen-
bildung im lateralen Theile noch nicht auf ihrem Hohepunkt
angelangt ist, in noch anderen sehen wir im Stiel einzelne
kleinere Hohlenbildungen auftreten, die sich spater mehr Oder
weniger voUstandig zu einer grossen Hohle vereinigen."

In the 5 mm. embryo of Trichosurus and in the 6-7 mm.
Macropus, the small median portion partially constricted off from
the rest of the cavity (text-fig. 1, n.) may possibly coincide with
the swollen part of the stalk, which runs from the somite to the
middle line in Atiiguisfragilis (called by Oppel the "Hals") and
which takes a part in the formation of the head -cavity.

We have seen that the walls of the premandibnlar cavity, as
in most other Vertebrates, give rise to the muscles innervated
by the oculomotor nerve. In Trichosurus and probably also in
Phascolomys, the primordium of the m. obliquus inferior and the
common primordium of the mm. rectus inferior and rectus
internus develop as solid outgrowths from the posterior and
ventral walls, whilst the primordium of the m. rectus superior
arises from the walls of a hollow evagination on the dorsolateral
side, the latter mode of origin resembling that of all the oculo-
motor muscles in Lacerta (Corning, '"99). In Phascolarctos,
elongated hollow outgrowths occur along the greater part of the
posterior wall of the cavity, an extensive budding here taking
place. The further development of these three muscles in the
marsupials agrees very closely with that of the same muscles in
Chehjdra (Johnson, '13).

The m. rectus internus and the m, rectus inferior develop from
a common primordium, the m. rectus internus first appearing as
an oflshoot from near the proximal end of the m. rectus inferior;

this offshoot grows directly upwards and outwards to the anterior
side of the bulbus. In Chehjdra, according to Johnson ('13), the
common primordium becomes transformed into " a solid elongate
mass. By the 11 mm. stage a constriction has appeared, slightly

beyond the middle of this mass, differentiating it into a proximal
M. rectus inferior and a distal M. rectus medialis The
proximal end, which at first is continuous with the distal end of

the M. rectus inferior, works up along the medial side of this

muscle so that the final separation of the two takes jjlace at
their proximal ends, i. e. their ends of origin." No movement of
this kind has been observed in Trichosurtts, and if it occurs it

must take place in the short interval between the 10 mm. and
11 mm. stao'es.
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The abclucens complex and the m. obliquus superior are

difficult to identify in our earliest stages, but by comparison

with slightly older embryos it is possible to make out their

contours in the surroundixrg mesenchyme from which they are

not easily distinguished. In our first stages, up to 8-5 mm.,
the primordia of both these muscles are united with the maxillo-

mandibular mesenchyme by an intermediate mass of more loosely

connected cells, the position of which is well seen in Phascolomys

(text-fig. 21, p. 332). The m. obliquus superior arises from this

intermediate mass as an upgrowth which extends forwards above

the eye, the intermediate mass itself apparently degenerating.

In the rabbit, Edgeworth ('03) regards the m, obliquus superior

and the m. rectus externus as "specialised portions of the man-
dibular and hyoid myotomes which separate, the former late, the

latter very early in development, from the upper ends of their

respective myotomes "
(p. 82). In Chelydra, according to Johnson

('13), the m. obliquus superior (p. 159) "grows forward as a stream

of cells from the dorsal portion of the mesenchymal cell-mass

which results from the second head somite," the ventral portion

of the latter at the 5 mm. stage being in close contact with the

mesoderm of the mandibular arch. If we compare these con-

ditions with those in Trichosuribs, Phascolarctos and Phascolomys,

we may conclude with some probability that the intermediate

mass answers to the second somite of the head whose cavity is

already obliterated, or in which a cavity has never developed,

and from whose dorsal region the m. obliquus superior takes its

origin. In Chelydra also, at a certain stage in development, the

identification of the second somite is a matter of some ditficulty.

In the embryo of 7 mm. Johnson says (p. 142) :
—"The second

head somite of the 7 mm. stage is of such indistinct and indefinite

form that it may easily escape notice. It reaches here the most
obscure phase of its development. The more or less conspicuous

cavities of earlier stages have col]a|3sed and broken down, and
with their disappearance the cells of their walls are with difficulty

distinguished from the intruding and intermingling mesenchymal
elements."

No cavity is seen in the abducens muscle-mass, which in our

earliest embryo is quite solid and shows a temporaiy attachment,

as above mentioned, to the intermediate mass, this connection

being probably a secondary phenomenon as in Chelydra, where it

also occurs. It is possible that the intermediate mass, 2. e. the

second somite, may contribute towards the formation of the

m. rectus externus as in some fishes (Dohiii, '04, Neal, '14), but

we have no direct evidence of this in Trichosurus. The m. rectus

externus and m. reti-actor bulbi develop exactly as in Chelydra ;

the origin of the m. retractor bulbi bearing no resemblance to

that of the pig where, according to Renter ('97), p. 376 :

—

" Dieser Muskel ensteht aus dem inneren Mantel des Augen-
muskelkelches durch Abspaltung von vorn nach hinten."
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In Chelydra, however, the m. retractor bulbi separates ofl'fi'om

the m. rectus externus at an early stage before the second somite
has completely degenerated and when the m. rectus inferior and
internus first begin to difFei-entiate from each other, whereas in

Ti-ichosurus it only becomes an independent muscle at 17*5 mm.
after the other muscles of the eye have assumed their final

positions and at a time when the m. rectus inferior and internus

are almost completely separated. The m. retractor bulbi in

both animals is the last of the eye-muscles to reach its adult

position.

The cranial nerves III, IV and VI arise from the brain and
grow towards their respective muscles, their connection with the

mesodermal somites being a secondary one as shown by NeaJ ('14).

No independent origins in the muscles themselves are present as

described by Filatoif ('07) in Emys lutaria. The oculomotor i-vms

at its distal end into the proliferation on the postero-lateral wall

of the head-cavity and breaks up into many fibres at the region

where the m. obliquus inferior and m.. rectus inferior first grow
out, these two muscles being innervated at practically the same
time ; later, at the earliest indication of the m. rectus internus,

fibres are seen to run into the root of the latter. The abducens
develops in the typical manner and runs into the posterior end
of the abducens muscle-mass ; when the m. retractor bulbi grows
forwards and separates off" from the m. rectus externus, the nerve
branches into the two muscles at the point where the foi-mer

crosses the medial side of the latter. The trochlear, as is usually

the case, arises later than the other two nerves. In Trichositrus

it first appears at 8'5 mm, and does not reach the m. obliquus

superior until 11 mm,, when it penetrates into the posterior side

of the medial end of this muscle.
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EXPLANATION OF THE PLATES.

Xiettermg.

aln. = ali-uasal cavtilag'e.

cil.ff. = ciliary ganglion.

FJB. = fore-brain.

e. = eyeball.

I. = lens.

n.c.V. = naso-ciliary branch of the
trigeminal nerve.

o.inf. = m. obliquus inferior.

op.c, = optic cup.

op.s. = optic stalk.

o.s. — m. obliquus superior.

r.b. = ni. retractor bulbi.

r.e. = m. rectus externus.

r.i. = m. rectus internu.s.

\inf. = m. rectus inferior.

r.s. = m. rectus superior.

III. = oculomotor nerve.

IV. = trochlear nerve.

V. = trigeminal nerve.

VI. = abducens nerve.

+ — band of mesodermal cells.

Plate L

Tricliosurus vulpecula. G.L. 'J'o mm. (V. '01).

Coloured drawing of v\'ax-plate model, posterior view, showing tlie

anterior (r.e.), and the posterior (r.6.) portions of the abducens muscle-
mass, the primordium of the m. obliquus inferior (o.ivf.) extending down
from thepostero-lateral corner of the solid mass of mesoderm representing

the former head-cavitj'. The primordium ot the m. rectus superior {r.s.)

stretches up above the optic cup from the dorso-lateral side of the same
mass. Nerve III. (III.) runs down just in front of the abducens muscle
complex and into the hinder end of the latter runs Nerve VI. (VI.) A
band of mesodermal cells ( + ) is seen to extend out towards the ventral

border of the eyelid. X 300 and reduced bj' -|.

Anterior view, showing the primordium of the m. obliquus superior (o s.)

with its narrow prolongation lying anteriorly to the optic cup (oj9.c.), the

primordium of the m. rectus inferior (r.iiif.), extending forwards below the

optic stalk from the medial side of the m. obliquus inferior (o.inf.). The
primordium of the m. rectus superior (r.s.) is again seen. The naso-ciliary

branch (V.) of Nerve V. runs forwards below the m. obliquus superior.

Z=lens. The band of mesodermal cells { + ) extending out to the ventral

border of the eyelid is again seen. X 300 and reduced by i.

Plate II.

Tnchusurus vulpecula. G.L. 15 mm.

Pig. 3. Coloured drawing of wax-plate model, anterior view, showing the m. obliquus

superior (o.s.), the m. obliquus inferior [o.ivf.], and the m. rectus inferior

{r.inf.) from which branches out the m. rectus internus {r.i.). Nerve IV.
(IV.) runs into the postero-medial side of the m. obliquus superior {o.s.).

X 150 and reduced by approximately |.

4. Posterior view, showing the m. rectus superior (r.s.), the m. retractor bulbi

(r.6.) still connected with the m. rectus externus (r.e.), and the m. obliquus

inferior {o.inf.) in which runs Nerve III. Nerve VI. is seen at the point

of union of the m. rectus externus and the m. retractor bulbi. A faint

dotted line indicates approximately the line of junction between the

m. rectus externus and the m. retractor bulbi. X 150 and reduced by

approximately |-.

5. Ventral view, showing the distal end of the m. retractor bulbi (r.6.) which is

growing forwards round the optic stalk, the m. obliquus inferior {o.inf.)

attached to the ali-nasal cartilage {aln.'), and the ciliary ganglion {cil.ff.)

lying below the optic stalk. Nerve III. is seen to run out from the

m. rectus inferior {r.inf.) into the m. obliquus inferior. X 150 and reduced

by approximately f

.
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When six weeks ago I undertook the examination of the
Organ of Jacobson and its relations in Tivpaia and Gymnura,
I was merely anxious to see if Tupcda agreed with Macroscelides,

and Gymnura with Erinac&us, as an agreement would give
further evidence of the value of this region of the skull as a basis

of classification, and also strongly support the removal of Macro-
scelides, Ihvpaia, and allied genera from the Insectivora and the
placingof them in a distinct order—Menotyphla. As I have shown
in Part I. of this paper, Iktpaia agrees sufficiently closely with
Macroscelides—both having the Polyprotodont Marsupial type
of organ—to admit of their being placed in the same order

;

while Gymnura was shown to have the higher Eutherian tyjDe of

organ met with in Erinaceus, Felis, Ovis, and all higher forms in

which the organ is retained.

When I had finished the study of these two types, I thought
it would be worth while to look at the condition in the aberrant
African Golden Mole, Chrysochloris ; and as Prof. J. P. Hill had
two very fine specimens which I had given him some years ago

—

a newly-born ChrysoGhlo7-is kottentota and a slightly older Chryso-
chloris asiatica—he very kindly had the heads sectioned so that I

might examine them. The results were so interesting that it

was necessary to go further with the research. Through the
kindness of Mr. Oldfield Thomas, of the British Museum, I

obtained the snout of a Centetes which I have examined, and also

adult specimens of the common mole and shrew. Prof. Hill

very kindly had sectioned for me the head of a very young
mole. To these gentlemen, and also to Prof. Hill's laboratory

assistant, Mr. F. Pittock, I am deeply indebted.

* For explanation of the Plates see p. 354.

Proc. Zool. Soc—1915, No. XXY, 25
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The Organ of Jacohson in Talpa. (PL III. figs. 1-7.)

Proif. Kitchen Parker in 1885 figured a number of sections

(ffitf Ifche nose of the young of Talpa. While these show the general

structure and relations of tlie nasal cartilages, they do not clearly

shew the structures in the neighbourhood of the naso-palatine

caaaafl.

Though the young mole which I have examined has the

cartilage in the anterior part of Jacobson's duct imperfectly

ch®ndrified, the yovmg animal reveals the structures more clearly

than does the adult in which the bones are so highly ossified and
anckylosed.

In the anterior part of the nose there is little worthy of special

note. One unusual feature is the thinning-out and perforation

of the icairtilage of the septum a short distance behind the

plane of the nostril. As the sections of the snout have been cut

of uniform thickness, the number of the section figured or

described Avill indicate the situation of the various features.

This anterior pei'foration of the septal cartilage is between
sections 19 and 22.

Immediately behind the perforation the upper part of the

septum begins to thicken. Fig. 1 represents section 36. The
thick alinasal cartilnge is seen curving round and united with

the thick outer part of the anterior nasal-floor cartilage. Outside

the cartilage is seen the lacrimal duct, and inside, the duct of the

nasal gland.

From the plane of this last section to section 76, the nasal

cavity is completely surrounded by cartilage. The upper part of

the septal cartilage becomes gradually more thickened. Fi'om

section 60 a median groove passes upwards into the lower part of

the septum gradually dividing the cartilage into two. Fig. 2

represents section 74. Here the lower parts of the median
cartilage are almost separated from the upper septal cartilage to

form the recurrent cartilages. The anterior part of the pre-

maxilla is seen ; the bones of the two sides are not clearly

separable.

Three or four sections beyond that shown in fig. 2 the
recurrent cai-tilage is free from the base of the septum and also

from the lower pai-t of the alinasal. A similar condition occui's

for aboiit twenty sections. In section 96 is seen the anterior

part of the naso- palatine canal.

Fig. 4 represents the condition at section 100. On the left

side the duct of Jacobson's organ is seen opening into the canal.

On the light side, the duct of the organ is seen lying above and
slightly to the outer side of the canal. The anterior part of

Jacobson's cartilage is seen lying above the duct. The recurrent
cartilage is well developed.

Fig. 3 represents section 103. The duct of Jacobson's organ
is seen immediately above the naso-palatine duct.

In fig. 5, which represents section 110, the naso-palatine duct
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is shown to be passing to the outer side of the jacobsott's dnct,

and Jacobson's cartilage coming to lie on the innet side of the

duct. The palatine process of the pfemaxilla is seen on one side

free from the pi-emaxilla.

A few sections further back, as shown in iig. 7-, whieli re-

presents section 117, Jacobson's cartilage is united with the

lower part of the recurrent cartilage, and the naso-palatiiie canal

is seen to have opened into the nasal cavity. In the next four

sectioris, veins are seen to pass through two fair-si^ed Openings

in the cartilage about the level of the upper part of the palatine

process

In fig. 6 is represented section 126-. Here the duct of

Jacobson's organ is just about to open out into the organ proper.

The palatine processes form flattened splints on the inner sides

of the cartilages of Jacobson. A portion of the secondary palatal

plate of the maxilla is seen in the section.

The organ of Jacobson as distinct from the duct extends from
section 127 to section 178. The specimen examined is too young
to show clearly the arrangement of blood-vessels in connection

with the organ; Beyond section if8 the organ is continued into

a glandular duct, which extends for ten more sections.

Taljxt agrees with Gpnnuira in having feebly developed

glandular ridges ; in having practically no inferior turbinal in

that part of the nose in which is situated the anterior part of

Jacobson's organ ; in haV^lng the lower half of the nasal septum
converted into recurrent cartilages : and in Jacobson's orga.n

having a long duCt in front which opeUs into the anterior end of

the naso-palatine canal. It differs in a number of details, such

as the mode of opening of Jacobson's duct, the less forward

extension of Jacobson's cartilage, iia. the arrangement of the

blood-vessels of the organ, and in the better development of

the recurrent cartilages.

There can, however, I think be little doubt but that Tcdjjci is

allied to Gymmlra and ma.y conveniently be left in the old

order Insectivora.

I have made a series of sections of the snout of an adult Sorfx.

Unfortunately, the specimen wa,s not in the best state of preser-

vation, and, furthet", the structures are so extremely ossitied that

it is difficult to interpret some of the parts, and a young specimen

will require to be examined before olle can speak with any con-

fidence on the affinities. In certain features Sorex resembles

Centetes even more than it does talpa, and an examination of

the nose of a late foetus would probably reveal some interesting-

facts.

The Organ of Jacobsdn in Centetes. (Pi. III. figs. 8-14.)

The specimen examined was the snout of an adult Centetes

ecaudatus in fairly good preservation. It was sectioned by

hand.
In the anterior part of the snout the median septum is well

25*
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developed and of about uniform width. On passing back, the

upper and middle part becomes thickened ; then a little further

back the lower half widens out and becomes divided by a median
cleft into the two I'ecurrent cartilages, as seen in fig. 8. Though
in this section the alinasal is seen detached from the re-

current cartilage, they are seen united a few sections further

forward. If this section be compared with a corresponding

section in I'alpa, such as shown in fig. 2, it will be observed that

though there are many minor differences there is considerable

agreement. Even the somewhat corresponding section which

I have figured in Oymmira will be seen to agree fairly well,

while the corresponding section in Tupaia will be seen to differ

very greatly.

On passing a little further back, the septal cartilage becomes

divided into an upper and a lower part. The upper part soon

becomes greatly reduced, and then completely lost, while the

lower part is continued backwards as a rounded cartilaginous rod.

In fig. 9 the section passes through the anterior part of the

papilla. The recurrent cartilages lie by the base of the septum.

The upper nasal cartilages are considerably reduced.

Fig. 10 represents a section further back. It shows the

anterior part of the naso-palatine canal. On the one side,

Jacobson's duct is seen opening into it. At this plane the oidy

cartilaginous support of the ducts is the anterior extension of

the posterior nasal-floor cartilage. The recurrent cartilage is still

of large size.

Fig. 11 repi'esents a section near the plane where the naso-

palatine canal opens into the nasal cavity. The recurrent

cartilage is greatly reduced. Jacobson's duct is seen supported

by anterior processes of Jacobson's cartilage.

Fig. 12 represents a section a short distance behind that shown
in fig. 11. A small process of the recurrent cartilage is still seen,

and quite free from Jacobson's cartilage. Jacobson's cartilage is

united at its outer lower side to the posterior nasal-floor cartilage.

This is a most unusual condition, and, so far as I am aware, is

only known elsewhere in Frocavia.

In fig. 13 Jacobson's organ and the cartilage are well developed.

There is a small nasal-floor cartilage still seen. The palatine

processes are large and pai-tly roof over the organ. Above the

palatine process is seen the anterior end of the vomer.

Fig. 14 is considerably further back. The vomer nearly clasps

the nasal septum. Jacobson's cartilage rests on the palatal plate

of the maxilla. The palatal processes, though thin, are still of

large size. In this same section, though not shown in the figure,

is seen a large inferior turbinal supported b}' a slender tui-binal

bone, and further up on the outer nasal wall a verj' well developed

glandular ridge.

Centetes presents a number of unusual characters. It agrees

with Gymnura and Talpa in that Jacobson's organ has a long

narrow dvict which opens into the anterior end of the naso-



ORGAN OP JACOBSON IN THE INSECTIYORA. 351

palatine canal, but differs from both in the anterior part of

Jacobson's cartilage being less developed. It differs from both

in the greater development anteriorly of the inferior tnrbinal.

It resembles Gytnymra in having a single large blood-vessel along

the outer side of the organ. In the loss of the upper part of the

septal cartilage, it agrees with Sorex. I know of no other form

besides Centetes in which the lower part of- the septal cartilage is

completely surrounded by the vomer, as it is a little behind the

plane of Jacobson's organ.

Whether Centetes should be placed with Gymnura and Talpa

in the order Insectivora, or placed in a separate order of the

Coenorhinata, the evidence from the structures in the nose does

not conclusively show, and it will therefore be well at present to

leave Centetes and its allies in a very distinct family or suborder

of the Insectivora.

The Organ of Jacohson in Ohrysochloris. (Plate lY.)

I have examined the organ and its relations in a newly-born

Chrysochloris hottentota, and a somewhat older Ghrysochloris

as'mtica. The former had a head-length of 12 mm., and the latter

a head-length of 16 mm.
Fig. 1 represents section 40 of the nose of the newly-born

Chrysochloris hottentota. The median septum is slender ; the

alinasals are very wide. In the general arrangement of the

cartilages, and in the mode of opening of the naso-lacrimal

duct, the agreement with Tuj)aia is fairly close.

Fig. 2 represents section 47. It will be unnecessary in the

present paper to discuss the morphology of the small cartilages

of the nasal valve, but this section shows a remarkable recurrent

process from the outer border of the alinasal. The only other

mammal I know of which possesses a similar structure is

Echidna.
In fig. 3, which represents section 55, the most anterior part

of the premaxilla is cut through. The alinasal is continuous

with the anterior nasal-floor cartilage, and a very sharp fold

passes into the inferior turbinal.

Fig. 4 represents section 64. Here the lower part of the

premaxilla is cut across as well as the lateral. The nasal-flooi

cartilage is no longer connected with the alinasal. The septal

cartilage shows the first indications of separating into upper and

lower parts.

In fig. 5, which represents section 69, we see the division of

the septal cartilage into upper and lower parts, and the com-

mencing division of the lower into the two recurrent cartilages.

In this and the previous sections, the great encroachment on the

nasal cavity by the folding of the mucous membrane is seen to

be in marked contrast to the condition seen in 'faljya, Gyinnura,

and Centetes.

Fig. 6, which represents section 86, cuts through the first
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incisors. The premaxillaries are sending up processes which
form the bases of the palatine processes. The recurrent cartilages

resemble considerably those of the Diprotodont Marsupials,
Trichosurus and Pseudochirus.

In fig. 7, which represents section 114, is seen the anterior
part of the maxilla. Here tlie recurrent cartilage is even more
Diprotodont- like than in the previous section figured. The
section is through the anterior part of the papilla.

Fig. 8, which represents section 120, is through the naso-
palatine canal, It will be observed that the ©anal opens directly

up into the nose, as in the typical marsupials. Jacobson's
cartilages have given off the outer bars.

Fig. 9 represents section 123. Here Jacobson's organ is

seen opening directly into the lower part of the nasal cavity.

This section is strikingly like figures I have given of Jacobson's
organ in Pseudochirus and T'v-ichosn.rus.

In fig. 10, which represents section 126, the organ is seen in
its fullest development.
A short distance behind this last section a small but well

chondrified posterior nasal-floor cartilage is developed, The
cartilage on passing backwards comes to lie underneath the outer
part of Jacobson's cavtilage.

Figs. 11-13 represent three sections through Jacobson's organ
in the young Qhrysocliloris asiatica. Section 11 is through the
anterior end of the organ near where it opens into the lower
part of the nasal cavity : section 12 is through the middle of the
organ, and section 13 near its posterior end. One of the most
remarkable characters of the sections is the folding-down of the
inferior turhi^al till it almost forms a secondary nasal floor.

The organ itself is remarkable in having no outer vascular
plexus nor, as is seen in most Marsupials and in Qymnura, Centetes,

and Tiijxiia, a lai^ge vessel along the outer side. Further, while
the organ in most mammals has a. lai'ge gland or numerous glands
opening into it posteriorly, Chrysochlori$ has mucous glands
opening into it all along its upper border,

It will be observed that Ohrysochhris differs in the structure
of this region of the nose entirely from Qymnura, Talpa, and
Gentetes, and that while it agrees move with Tufaia and
MQcro§.ceUdes, the affinity is not close,

Conclusions.

The research into the structure of the anterior nasal region of
the Insectivores, even though only a few of the more striking

types have been examined, shows I think conclusively that
the " Iijsectivora " is not a natural order. Erinaceus, Gymnura,
Talpa^ Sorex, and Centetes agree in each having an organ of

J^cobsqn which ends in a long duct opening i^tq the pasQ--
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palatine canal near its anterior part. Jacobson's cartilage in

each passes forwards with the duct, and the naso-palatine canal

is supported by an anterior process of the posterior nasal-floor

cartilage. Whatever subdivision may on other grounds be made
of these Insectivores they all belong to the Coenorhinata, and
agree with most higher mammals, such as the Carnivores and
Ungulates.

Ihtpaia and Macroscelides agree in having a Polyprotodont
marsupial type of structure, and cannot have any near affinity

with the typical Insectivores, and the order Menotyphla to which
they belong must be removed far from the Insectivora and
placed in quite a difi'erent phylum and not far from the early

Marsupials.

Ghrysochloris, which has generally been regarded as allied to

Centetes, is seen to be in no way closely related to it. Like
Tivpaia, Chrysochloris belongs to the Archseorhinata, but it

cannot belong to the order Menotyphla. The resemblance of its

nasal structures to those of the Diprotodont marsupials is

puzzling, and until further work is done on the development
of Chrysochloris, one must hesitate in discussing its affinities

further.

In 1883 Dobson *, in discussing the affinities of Chrysochloris,

wrote as follows :
—" The natural j-elations of the species of the

family are with the Oentetidse, which they resemble in the form
of their molar teeth, in the absence of an interorbital constriction,

in the position of the testes, and in some important myological

characters ; but they also present many most important differ-

ences .... such as the presence and peculiar development of the

zygomatic arches, the presence of tympanic bullae, and the very
different form of the male generative organs, characters which,

while indicating separation at a very remote period from the

ancestral Centetidse, do not ally them with any other family of

recent Insectivora."

The peculiar structure of the molars has been the main
character which has suggested an affinity with Centetes. But
we find a similar type of teeth in the marsupial Notoryctes, and
the similarity in the three genera is probably due to convergence,

and does not indicate any affinity.

I hope shortly to undertake the study of the structure and
development of the skull, and may be able to throw some further

.light on the affinities of Chrysochloris.

In the meantime I have no hesitation in removing it from the

Insectivora, and placing it in a distinct order, for which the

name Chrysochloridea, proposed by Dobson, may be retained.

* A Monograph of the Insectivora, Systematic and Anatomical, Part II., 1883,

p. 108,



354 ON THE ORGAN OF JACOBSON IN THE INSECTIVORA.

EXPLANATION OF THE PLATES.

Xiettering.

a.J.c, anterior process of Jacobsoii's cartilage; h.v., blood-vessel ;
d.J.n., duct of

Jacol)son's organ ; g.d.J.o., duet of gland leading into Jacobson's organ ; J.c., Jacob-

son's cartilage ; J.O., Jacobson's organ; l.d., lacrimal duct; Mx., maxilla; Na.,

nasal; 7i.f.c., nasal-floor cartilage; n.g.d., nasal-gland duct; n.p.c, naso-palatine

canal ; o.b.J.c, outer bar of Jacobson's cartilage ; Fmx., premaxilla
;
p.Fmx., pala-

tine process of premaxilla; r.a.n., recurrent process of alinasal; r.c, recurrent

cartilage ; Vo., vomer.

PiATE III.

Figs. 1-4. Sections through the snout of Talpa europcea. Young. X 15.

5-7. Sections through the snout of Talpa europma. Young. Showing

Jacobson's duct. X 34.

8-9. Sections through the snout of Centetes ecaudatus. X 5.

10-14. Sections through the snout of Centetes ecaudatus. Showing Jacobson's

organ and its duct, and their relations. X 10.

PXATE IV.

Figs. 1-7. Sections through the snout of a newly-born Chrysocliloris hottentota

(greatest length 28 mm.). Figs. 1^, X 15. Figs. 5-7, X 20.

8-10. Sections through the papillary region of newly-born Chrysocliloris

hottentota, showing the mode of opening of Jacobson's organ. X 30.

11-13. Sections through the snout of young Cliri/socldoris asiatica. (About

half-grown.) X 17.
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26. On the Anomodont Genera, Pristerodon and Tropido-

stoma. By Lieut. U. Broom, M.D., D.Sc, C.M.Z.S.,
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Pristerodon mckayi Huxley. (Text-fig. 1.)

In 1868 Huxley described, under the name Pristerodon mckayi,

a fairly well-preserved skull of a small Anomodont reptile.

Almost the whole of the right side is shown in good condition,

and a considerable part of the leftside. There are also associated

with the specimen, besides the jaws belonging to the skull, a few

other mandibular remains. Huxley apparently believed the

animal to be a lizard, as he refers to the specimen as " a shattered

lacertilian skull, having very much the general shape of that of

Rhynchosaurus, being very broad posteriorly owing to the large

size of the supratemporal fossa, and tapering anteriorly."

The skull when complete probably measured 87 mm. from
the snout to the transverse plane of the squamosals, and the

greatest breadth is about 70 mm. The interorbital measurement
is 17 mm., and the intertemporal measurement 18'5 mm. The
antero-posterior measurement of the orbit is 22 mm. In the

type-skull there is no tusk, the animal having been a female, but

a specimen in the South African Museum shows a Dicynodon-
like tusk. The maxilla and the mandible have each, as shown
by Huxley, a series of small teeth which have high crowns
i-emarkable for being smooth in front and having about. 8 or 9

relatively strong denticulations on the posterior side. The exact

number of teeth appears to vary with age, but in the type there

appear to be as many as 12 arranged somewhat irregularly and
one or two being probably replacing teeth.

In structure the skull is typically Dicynodont. The frontals

are large and pass backwards between the postfrontals and
preparietal. The postfrontal is well developed, but in the

specimen it is difficult to be quite sure of the sutures of its

anterior and outer end, but. they are probably as I have figured

them, in dotted line. The posterbital is a larger bone which

forms most of the postorbital arch and the whole of the

inner border of the temporal fossa. The preparietal is long and
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narrow, and extends back nearly to the pineal foramen. It is,

however, doubtful if it reaches the foramen, the appearances
being rather in favour of the parietals just meeting in front of

the foramen and shutting out the preparietal. The parietal is a
fairly large flat bone. The interparietal is of moderate size and
forms the upper part of the occiput. The squamosal is large and
typically Dicynodont in character. The specimen shows part of

the quadrato-jugal in front of the lower part of the squamosal.

Text-fio-ure 1.

C\

/•'/' \

Skull of Pristerodon mckayi Hu,xley. Nat. size.

Left side and snoiit restored. B.M., R 1810.

J'r.j frontal ; J.P., interparietal; tTit.Jugal; i., lacrin^al ; J/.c, ii[\axilla ; iVa., nasal;

Pa., parietal; Pal., palatine; Pm., prema,xilla ; Pa.F., postf'roiital ; Po.O.,

post orbital; P.P., preparietal; Pr.F., pv^froiita,! ; Pt.,, pterygoid; P.Vo.,

prevomer ; T.P., transpalatine.

The lower jaw is not well preserved. As is seen in one of

Huxley's figures, the angular has, as in Dicynodon., a fan-like

expansion passing inwards and downwards. In front of the
articulation is a plate of bone passing outwards, and forwards,

apparently part of the surangular.
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Pristerodon raniceps (Owen) *. (Text-fig. 2.)

In 1876 Owen briefly described, under the name Oudenodon
raniceps, a small skull and jaws from the same locality, East

London, as Huxley's type. Owen gives no figiu-e of the specimens,

but merely describes the skull as follows :
—" The occipital condyle

is low and broad ; the lateral portions contributed by the

exoccipitals simulate the Batrachian double condyle. The supra-

occipital surface is much depressed. The temporal fossae are large,

with the long diameter lengthwise. The orbits appear to have

been small."

Text-fiijure 2.

Frontal and pai^ietal regions in Tristerodon ranicejps (Owen). Xat. size.

B.M., R 1650.

Lydekker, in his Catalogue of 1890, refers the specimens

doubtfully to Udenodon baim Ow., believing that they were of

a young individual.

It is rather remarkable that both Owen and Lydekker should

have referred the' specimens to Oudenoden, seeing that a consider-

able number of teeth are well exposed to view in the lower jaw.

The teeth agree closely with those of Pristerodon mckayi^ but

the denticulations are relatively rather coarser,

The skull is much crushed, but probably measured about

92 mm. from the snout to the plane across the posterior borders of

the squamosals, and the greatest breadth is about 80 mm. The

interorbital measurement is 16 mm. and the intertemporal 28 mm.
The antorbital portion of the skull appears to be relatively shorter

than in Pristerodon mckayi. Unfortunately no sutures can be

clearly made out in the present condition of the specimen, but,

as will be seen by the figure I give of the parietal region, the

* fThe parentheses around the names of authors placed after scientific names in

this piiper are used in accordance with Article 23 of the International Kules of

Nomenclature (?roc. 7th l^it.Conp. Bostpn,1907, p. 44 (1912)).—Editok.]
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I'elative proportions of the parts diiFer very considerably from
those of the type species.

In the lower jaw there appears to be a series of 6 teeth with
some replacing ones.

Seeing that Owen's specimen caine from the same locality as

Huxley's I was inclined to regard them as belonging to the same
species, but the differences in proportions appear to be sufficiently

great to warrant us at least provisionally in regarding them as

distinct.

Pristerodon agilis (Broom).

In 1904 I described, in the Records of the Albany Museum,
the skull of a small Anomodont found by me at Pearston. At
that time it was not known that Oudenodon is the female of

Dicynodon, and as the Capetown specimen of Fristerodon mckayi
is tusked, and the new allied form which I discovered being

tuskless, I placed it in a new genus and called it Opisthoctenodon

agilis. As, however, the tusk is now known to be a sexual

character, this species must be placed in Huxley's genus
Fristerodon.

The skull is much smaller than in F. mckayi and narrower
relatively, but in most characters it agrees closely, and the molars

are very similar.

Fristerodon mckayi and F. ranicej^s both come from the

Pareiasaurus zone, but P. agilis is from the Endotliiodon zone.

Pristerodon brachyops (Broom).

This species when described was also placed in the genus
Opisthoctenodon. As the crowns of the molars are unknown it is

impossible to be certain that it belongs to Fristerodon^ but it

agrees sufficiently to admit of its being placed here, at least

provisionally. It is probably from the CLStecephalus zone.

Tropidostoma microtrema (Seeley). (Text-figs. 3 k 4.)

In 1889 Seeley described an Anomodont occiput under
the name Dicynodon microtrema. The occiput formed part

of Mr. T. Bain's collection and was obtained, according to

Mr. Watson, on the farm Tafelberg, in the Beaufort West
district. In the British Museum there is a good series of

Dicynodont skull-remains from the same locality, and the

majority belong, I think there is little doubt, to the one species.

Fortunately there are a number of snouts and a few mandibles.

Both tusked males and tuskless females are represented, and
most specimens show evidence of small molars behind the tusk,

or caniniform process. The specimens diflter considerably in size,

doubtless due to difference in age, and the differences in dentition

are probably due to the same factor. There appear to be
normally four molars, but as age advances they become reduced
to three, two, or one, and in old age get comislctely lost.
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A small mandible sliovvs the crowns of two teeth in fairly good
preservation. They are seen to agree pretty closely with those of

Pristerodon. Thongh the teeth are rather more robust, they are
i-eally relatively very much smaller. One might incline on the
evidence of the teeth to place these large sj^ecimens in the
genus Pristerodon, but the structure of the parietal region differs

so considerably that it is necessary to place them in a different

genus. The snout agrees so closely with Dicynodon except for

the presence of the molars, that one has to consider whether it

might not be possible that all species of Dicynodon had molars
when young which they lost later. This, however, is hardly
possible. In no species of Dicynodon have molars ever been
detected—even where the skulls are manifestly of young animals.

Of Dicynodon platyceps we know over a dozen skulls, from small
ones about 3 inches to others over a foot in length. But in none
is there any trace of molars. Further, the peculiar condition of

the intertemporal region found in the present species is unknown

Text-fia:m-e 3.

Bones of the frontal and parietal regions of the skull of Tropidostoma
microtrema (Seelej-). About \ nat. size.

For lettering see text-fig. 1, ji. 356.

in any species of Dicynodon. We may, therefore, safely conclude
that Dicynodon raicrotrema Seeley must be jalaced in a distinct
genus. Another specimen, figured by Seeley in 1889, was an
occiput which he named Dicynodon {Tropidostoma) dunni.
Lydekker i-egarded this specimen—quite rightly, I think—as
belonging to the same sj^ecies as that named D. microtrema. And
if this be so we must accept the generic name Tropidostoma
for the type.

Though there is no complete skull in the collection, one is

fairly complete, and there are so many snouts, occiputs, and
other portions, that practically every detail of the structure can
be made out.

The skull, in what appears to be an adult male, measures from
the snout to the plane cutting the posterior borders of the
squamosals 266 mm., and the greatest width across the squamosals
is about 220 mm.
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The following are the other principal measurements :

—

Measurement between the canines, 40 mm. to 48 nun.
Interorbital width, 25 mm.
Measurement across the nasal bosses> 44 mm. to 52 mm.
Interorbital measurement, 36 mm. to 38 mm.
Intertemporal measurement, 28 mm-, to -36 mm.

The premaxilla is relatively narrow in front. It has the
usual pair of palatal ridge'* seen in most Anomodonts. It forms
much the larger part of the hird palate-, and meeting the palatine
behind shuts out the maxilla from the margin of the posterior
nares. In the middle line the prem;\xilla meets the prevomer,
as shown in tlie figure.

Text-fio-ute 4.

Antericv p:ilat;\l region of "tropiifosfoma mirroti'emd (Seeley). J- uat. size.

Showing- the lelatioils of tlie palatal elements and tooth-soekets behii-.d the canines.

B.M., R 860.

For lettering see text-fig. 1, p. 356.

The maxilla is very siuiilnr to that of Bicj/uodon except for the
presence of molar teeth. With the premaxilla it forms the lower
border of the nostril, meeting the septomaxilla. Its upper
border articulates with the lacrimal, which completely separates
it from the nasal.

In nearly all the specimens of Tropidostoma microtrema there
are seen some molar teeth or tooth -sockets. In voung specimens,
which are about half the adult size, there are four molars, of
which the first is the largest, and they decrease in size to the
fourth. The four molai's measui-e 10 mm. Only one specimen
shows the crowns. These resemble closely the molars of
Pristerodon. but those of Tropidostoma are rather stouter and
the denticulation slightly coarser. In the 1st molar there are
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probably seven denticulations, and in the 3i-d, five. As Trojndo-

stoma approaches the adult condition the molars seem to be
gradually lost. Some specimens show only three, others but two
or one, and in old age all trace of even the sockets disappears.

In those specimens which are regarded as males there is a

pair of powerful tusks. In the supposed females, in place of the

tusks are, as in " Oudenoclon" caniniform processes. One
specimen (E,871) is remarkable for having on the right side a
well-developed tusk, and on the left side no trace whatever of a
tusk. This specimen is probably the oldest animal of the series,

and I regard it as a female which has developed a tusk on the

one side.

The septomaxilla lies within the nostril forming its lower wall.

The lacrimal extends forwards between the nasal and the
maxilla, and n)eets the septomaxilla.

The relationships of the bones of the top of the skull will

best be understood from the diagram I have given. The greater

part of the figure is drawn from specimen R 860-, but the anterior

and posterior portions are from two other specimens. Nearly
every suture is confirmed by more than one specimen.

The most noteworthy features of the upper side of the skull

are the presence of thickened bosses on the nasals, and the

development of the postorbitals and parietals into a pair of lateral

crests with a deep groove between them.
The palate has already been figured by Lydekker ; but as I

think he is in error in a number of points, and as the whole
structure of the antei'ior palatal region is exceedingly well shown
in specimen R 860, I think it worthy of being figured again.

The great size of the palatal portion of the premaxilla is seen and
the relations of the palatine, transpalatine, and pterygoid bones

to each other. The prevomer has its lower border developed ai8

a pair of plates. In this Tropidostoma differs from Dicynodon^
and agrees with Endothiodon and Emydorhynchua

.

The occiput has been figured and described by )Seeley.
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27. On the Triassic Stegocephalians, Brachyops, Bothriceps,

and Lydekkerina, gen. nov. By Lieut. R. Broom, M.D.,

D.Sc, C.M.Z.S., R.A.M.C.

[Received May 26, 1915 : Read June 8, 1915.]
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Brachyops laticeps Owen. (Text-fig. 1.)

In 1854 Owen described, under the name Brachyops laticeps,

the skull of a small Stegocephalian from Mangali, Central India.

Though the skull is fairly complete it is very badly weathei-ed,

Text- figure 1.

Skull of Brachyops laticeps, about 3 nat. size.

^Fr., Frontal ; J^h., Jugal; i., Lacrimal ; Jf.t-., Maxilla ; iVor., Nasal ; P«., Parietal

;

Pmx., Premaxilla ; PoF., Postfrontal ; PoO., Postorbital ; Pr.F., Prefrontal

;

P.Pa., Postparietal ;
Q.J.. Quadratojugal ; Sq., Squamosal; S.Sg., Supra-

squainosal (Supratemporal) ; Tb., Tabular.

Proc. Zool. Soc— 1915, No. XXVI. 26
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and very little can be made out beyond tlie impression of tlie

inner sides of the upper cranial bones. Very little remains of

the elements in front of the orbit and practically nothing of the

tabular and postparietal regions.

The parietals, which are clearly paired, are unusually large and

have between them a large pineal foramen. The anterior end of

the parietal is in front of the ti-ansverse plane through the

postorbital margin.

The frontal is relatively small. The postfrontal and post-

orbital are of about equal size—each a little larger than the orbit.

The jugal has a very well-developed portion lying between the

orbit and the quadratej ugal and squamosal, and here there has

evidently been a moderate-sized boss.

The squamosal is large and the suprasquamosal only a little

smaller. The tabular has evidently been small and the post-

parietals short antero-posteriorly.

The occipital region slopes back from the postparietals, and

the exoccipital condyles are considerably behind the plane of the

quadrates.

In the figure I have given, the sutures in line are those seen on

the specimen ; those in broken line are from those of the opposite

side ; those in dot are hypothetical,

BoTHRiCEPS AusTRALis Huxley. (Text-fig. 2.)

In 1859 Huxley described a small Stegocephalian from

Australia, under the name Bothriceps anstralis. Though smaller

than Brcichijoj>s laticeps it is fairly closely allied to it. Huxley

gives reasons sufficient to show that it is at least specifically

distinct. The few reasons he gives for regarding it as generic-

ally distinct are less conclusive. Brachyops has a broader skiiU,

and the eye is placed further forward and more laterally than in

Bothriceps^ but in the imperfect state of the specimens no

characters of generic importance can be seen to separate the two

forms. There may, however, be in association with the anterior

portion of the orbit in Brachyops, some differences in i-elations of

the lacrimal, or septo-maxillary, or of the sensory grooves, or

in the structure of the palate, which may be sufficient to separate

the types into distinct genera, and in the meantime Bothriceps

may be retained as possibly distinct.

The fio-ure given by Huxley shows the sutures as preserved in

the specimen. The new figure I give represents a restoi'ation

of the skull. As, however, every element of the upper side of

the skull is shown on one side or the other, there is no element

in any doubt, and the only sutures concerning which there is any

doubt are indicated in dotted line.

The following are some of the more interesting points in the.

structure of the skull. The lacrimal is small, and nearly extends

from the orbit to the nostril, but does riot reach the border of
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either. The postfrontal is more than twice as long as broad.

The jugal forms the lower margin of the orbit, but much the

larger part of the bone is situated behind the orbit. The supra-

squamosal is only about half the size of the squamosal.

The occiput slopes away from the postparietals as in Brachyops,

but being much better preserved we can make out something of

the structure in Bothriceps. The postparietal is well developed,

and has a considerable part on the occipital aspect which articu-

lates with the exoccipital. The babular is smaller than the

Text-fii'-ure 2.

Skull of JSothrieeps australis, about f nat. size.

For lettering see text-fig. 1.

postparietal, and if only the upper surface were seen might be
regarded as forming a small posterior horn, but the exoccipitals

extend much behind it, and inferiorly and internally it articu-

lates with what is probably the paroccipital.

The parasphenoid is large and there are no teeth on it.

Brachyops^ Bothricejjs, and Batrachosuchus are allied genera
forming a very distinct family which may be called the

•26*
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Brachyopidse. It is interesting that one should be known only

from India, one from Australia, and the third from South
Africa.

Lydekkerina huxleyi (Lydekker), gen. nov. (Text-fig. 3.)

In 1890 Lydekker described a small Stegocephalian from the

Orange Free State under the name Botliriceps huxleyi, believing

the form to be allied to Huxley's Bothriceps australis. No later

worker, so far as I am aware, has doubted the correctness of

Lydekker's placing it in Huxley's genus. But as I hope to show
that the South-African form differs very markedly from Bothri-

ceps, and possibly even belongs to a different family, I propose

to establish a new genus for it, which I have mvich pleasure in

calling Lydekkerina, after Mr. R. Lydekker, who has so recently

passed away, and whose work on Sovith African fossil reptiles

was extremely good.

The only known specimens of Lydekkerina huxleyi ai'e four

skulls, with some portions of the rest of the skeleton, in the
British Museum, and a number of fairly good specimens in the

Bloemfontein Musevim ; and all were obtained, I believe, from a

locality near Edenburg, O.F.S. •

The skull is about a half longer than broad. The orbits are

moderately round and placed near the middle of the skull. The
nostrils are large ; and there is a very distinct otic notch

bounded internally by a well-developed tabular.

The premaxillaries are fairly well developed and the maxillaries

are long but very slender. The septo-maxillary, if developed as

is probable, is entirely inside the nostril.

The nostril is large, and is sepaiated from the maxilla by the

lacrimal.

The lacrimal, is very well developed, extending backwards from
the nostril to near the oi'bit, and having on its inner side the

nasal and prefrontal, and on its outer the maxilla and jugal.

The prefrontal is slightly larger than the lacrimal, and forms

most of the anterior margin of the orbit.

The frontal is long and narrow. The prefrontal is also narrow,

and of about the same length as the frontal. The postorbital is

broad and slightly smaller than the prefrontal.

Tlie jugal is long, and in the orbital region fairly wide. It

lies above the maxilla, and along its upper border are the

lacrimal, the prefrontal, the orbit, the postorbital, and the

squamosal. Nearly as much of the jugal lies in front of the orbit

as behind it.

The parietal is about as long as the frontal, but slightly

broader. There is a small pineal foramen situated between the

bones, and nearer to the anterior than to the posterior borders.

The suprasquamosal (supratemporal) lies on the outer side of

the parietal. It is about the same size as the postorbital.
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The siiiiamosal is fairly large. It lies bet.ween the supra-

squaniosal ami the quadratojugal, and passes downwards on the

anterior wall of the otic nt)tch to meet the pterygoid.

The qnadratojugal is rather sma.ller than the squamosal.

The postparietal is a small quadrangular bone. On its outer

side lies the tabular, which is produced bjickwards into what,

when viewed from above, looks like a little posterior horn.

Text-figure 3.

Skull of Lifdckkcrina Inu-lej/i, nat. size.

Fill- lottoriii.L;' >ii'<> teNt-tii>-. 1.

The occiput is not sufiiciently well preserved in aiiy of the

specimens to show the sutures, but the genera,! structure can be

satisfactorily made out. It differs from that of both J^rachi/ops

anil Bothriceps in ha\ing the condyles relatively small, and in

their not extending back behind the plane of the upper part of

the postparietal s, so that they are not seen when the skull is

viewed from above. There is a i-elatively large opening between
the exoccipitnl and postparietal on the one hand, and the par-

occipital and tabular on the other.

The palate difiers from that of Bothriceps \i\ having on the
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parasphenoid, the prevomers, and the pterygoids, innumerable
very minute teeth. In this it agrees with the large South
African form Rhinesuchus.

The mandible, so far as can be ,seen in the specimens, agrees

closely with that of Trimerorhachis. On the lower and outer

sides can be seen a small splenial in front, with behind it a rather

larger preangular, and behind this Jatter a large angular. The
preangular has on its inner side relations to the preaiticular

and to what is probably the intercoronoid similar to those of

Trimerorhachis. The structure of the jaw is best seen in the

British Museum specimen R 506.
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28. A List of the Snakes of Madagascar, Comoro, Mascarenes,

and Seychelles. Bj G. A. Boulenger, F.R.S., F.Z.S.*

[Received May 12, 1915 : Read May 25, 1915.]
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Ophidia. Keys to the identification of the Snakes of Mada-
gascar, etc 369

This list has been prepared on the same lines as the one

recently published in these ' Proceedings ' f, and likewise with the

help of Mr. F. Kingsbury and M, G. de Witte. The reader is

referred to the previous paper for an explanation of the terms

used in the keys to the genera and species.

The fauna of the islands here dealt with is remarkable, not

only for its very striking difference from that of the African

continent, but also for the absence of Snakes dangerously

poisonous to man (Elapine Colubrids, Viperids), with the ex-

.ception of the two Sea-snakes which are knoAvn from the western

pai"ts of the Indinn Ocean.

Synopsis of the Families.

I. Worm-like, with small inferior mouth ; eyes hidden or visible

under the head-shields; body covered with uniform imbri-

cate scales above and beneath TvPHLOPiDiE.

II. Mouth large ; eyes exposed ; body with enlarged shields beneath (except in

Sea-snakes, with strongly compressed tail).

Frontal and parietal shields absent, or broken up into small

shields '• Boid.t;,

Frontal and parietal shields present Colubkid^.

Family T Y p h L o P i D .E.

A single genns.

1. Typhlops.

Schneid. Hist. Amph. ii. p. 339 ; Bouleng. Cat. Sn. i. p. 7.

Synopsis of the Species.

I. Pra'.ocular present.

A. Eyes distinct.

a. Snout rounded
;
prajocular not much narrower than ocular ;

diameter of

body 35 to 55 times in total length.

Nasal completelj' divided, the anterior portion extending to

the upper surface of the head; 20 scales round middle

of body T.hraminus.

Nasal not completely divided ; 20 scales round middle of

body ;
prajocular as broad as ocular T. comorensis.

* Published by permission of the Trustees of the British Museum,
t " A List of the Snakes of the Belgian and Portuguese Congo, Northern Rhodesia,

and Angola," P. Z. S. 1915, p. 193.
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Nasal not coniplctel}' divided ; 20 scales round middle of

body; praiocnlar narrower than ocular T. microcephaUis.

Nasal not completely divided ; 24 scales round middle of

l)ody T. miicronatus,

b. Snout with obtusely angjular horizontal edge; nasal semi-divided; prje-

ocular much narrower than ocular.

Diameter of body 44-50 times in total length ; 20-22 scales

round middle of body T. hoettgeri.

Diameter of body 39 times in total length ; 26 scales round
middle of body T. decorsei.

c. Snout with sharp horizontal edge ; nasal com-
pletelj' divided ; diameter of body 52-68 times

in total length : 20 scales round middle of body. T. arenarius.

~B, Eyes hidden ; nasal incompletely divided ; diameter

of body 46 times in total length ; 24 scales round
middle of body T. madagasca rien sis.

II. PriBOCular absent ; eyes hidden ; snout with sharp
horizontal edge ; nasal completely divided ; dia-

meter of body 71-78 times in total length ; 20
scales round middle of bodj'^ T. grandidieri.

1. Typhlops braminus.

Eryx hraminus Daud. Hist. Rept. vii. p. 279.

Tijphlo2)s braminus Bouleng. Cat. Sn. i. p. 16.

Southern Asia ; islands of the Indian Ocean ; South Africa
;

Mexico (probably transported by humaji agency).

2. Typhlops comorexsis Bouleng. Ann. &. Mag. N. H. (6) iv.

1889, p. 361, and t. c. p. 21.

Comoro Islands.

3. Typhlops microcephalus "\Verner, Jahresh. Ver. Nat.

Wiirttemb. Ixv. 1909, p. 60.

Madagascar.

4. Typhlops mucronatus.

Typhlops (Ophthalmidion) tnucronatus Boettg. Zool. Anz. 1880,

p. 279, and Abh. Senckenb. Ges. xii. 1881, p. 438, pi. i. %. 1.

Ty2)hlops vnicroiiatits Bouleng. t. c. p. 37.

Mndngascar (Nossi Be).

5. Typhlops boettgeri Bouleng. t. e. p. 39, pi. ii. fig. 6.

Madagascar.

6. Typhlops decorsei Mocquard, Bull. Mus. Paris, 1901,

p. 255.

Madagascar.

7. Typhlops arexarius,

Onychocephalus arenarius Grandid. Ann. Sc. JSTat. (5) xv. 1879,
art. 20, p. 9.

Typhlops arenarius Bouleng. t. c. p. 49.

Madagascar.
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8. TyPHLOPS MADAGASCARiENSis Boettg. Abb. Senckenb. Ges.

xi. 1877, p. 3, pi. i. fig. 1 ; Bouleng. t, c. p. 25.

Madagascar (Nossi Be).

9. Typhlops grandidieri Mocqiiard, Bull. Mus. Paris, 1905,

p. 287.

Madagascar.

Family B o i D .e.

Synopsis of the Genera.

I. Head distinct from neck ; scales smooth or unicarinate.

Scales smooth ; labials with deep pits Coralhis.

Scales smooth; nasals separated by small scales; tail short (20-41

subcaudals) Boa.
Scales keeled ; nasals separated by a pair of internasals ; tail long (120-

133 subcaudals) Casarea.

n. Head not distinct from neck ; scales tri- or quinciuecarinate Bolieria.

1. CORALLUS.

Daud. Hist. Kept. v. p. 106 ; Bouleng. Cat. Sn. i. p. 99.

1. CoRALLUS MADAGASCARIENSIS.

Xiphosoma madagascariense Dum. & Bibr. Erp. Gen. vi. p. 549.

Corallus madagascariensis Bouleng. t. c. p. 103.

Madagascar."

2. Boa.

Linn. Syst. Nat. i. p. 373 ; Bouleng. Cat. Sn. i. p. 116.

Two species :—

•

11-16 scales round the eye; scales in 59-65 rows B. dumerilii.

6-9 scales round the eye ; scales in 69-77 rows B. madagascariensis.

1

.

Boa dumerilii.

Aarintophis dttmerili Jan, Icon. Gen. p. 83, 1. 1, pi. ii.

Boa dumerilii Bouleng. t. c. p. 120.

Madagascar.

2. Boa madagascariensis.

Pelophilus 'inadagascariensis Dum. & Bibr. Erp. Gen. vi. p. 524.

Boa viadagascariensis Bouleng. t. c. p. 120.

Madagascar,

3. Casarea.

Gray, Zool. Miscell. p. 43; Bouleng. Cat. Sn. i. p. 121.

1. Casarea dussumieri.

Boa dussumieri Sclileg. Pbys. Serp. ii. p. 396.

Casarea dussumieri Bouleng. t. c. p. 121.

Round Island, near Mauritius.
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4. BOLIERIA.

Gray, Zool. Miscell. p. 46 ; Bouleng. Cat. Sn. i. p. 121.

1. BOLIERIA MULTICARINATA.

Eryx multocarinata Boie. Isis, 1827, p. 513.

Bolieria multicarinata Bouleng. t. c. p. 122.

Round Island, neai- Mauritius.

Family CoLUBRiD,Ti:.

Aglypha.

Synopsis of the Genera.

I. Pupil round; scales smooth (Madagascar and Comoro Islands).

A. Body cj'lindrical ; scales not oblique.

1. Snout rounded ; anal divided.

a. Eye moderate or rather large ; nostril between two nasals ; subcaudals
65-160 ; scales in 17 or 19 rows.

Head short, not or but scarcely distinct from neck ; frontal
not narrower than supraocular Polyodontophis.

Head moderately elongate, distinct from neck ; frontal not
narrower than supraocuhir, usually shorter than parietals . Trnpidnnotus.

Head elongate, distinct from neck ; frontal, in the middle,
narrower than supraocular, its length not less than that of
parietals Bromicodryas.

h. Eye rather large; nasal single; scales in 19 rows;
subcaudals -il Compsopliis.

c. Eye small ; scales in 17 to 25 rows ; subcaudals 35 to 64.

a. Loreal present.

Nostril between the nasals and the internasal ; frontal nearly
twice as long as broad Linph Idium.

Nostril between the nasals ; frontal not more than once and a
half as long as broad Pseuduxi/rJiopus.

(i. Loreal absent.

Nostril between the nasals and the internasal; frontal a little

longer than broad ; ventrals 221-255 IdiopJi is.

Nostril between the nasals ; frontal a little broader than long

;

ventrals 163 Fararliadincea.

2. Snout pointed, strongly projecting ; rostral very large,

trihedral ; scales in 21 or 23 rows ; anal entire LioJieterodon.
3. Snout depressed, with horizontal edge ; scales in 17

rows: anal divided Heteroliodon.

B. Body slightly compressed; scales narrow, oblique, in

17 rows Micropistliodon.

II. Pupil vertically elliptic; body cylindrical {Se3-chelles and Mascarene Islands).

Scales keeled, in 17 rows ; no loreal Lycognatliophis.
Scales smooth, in 21 or 23 rows Bondon.
Scales smooth, in 17 rows Lycodon.

1 . Polyodontophis.

Bouleng. Faun. Ind., Rept. p. 301, and Oat. Sn. i. p. 181.

Three species :
—

I. Scales in 17 rows.

Loreal deeper than long; frontal much shorter than parietals... P. rliodogaster.
Loreal as deep as long or longer than deep ; frontal but slightly

shorter than parietals P. torqnatvs.

II. Scales in 19 rows V. mayoftensis.
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1. POLYODONTOPHIS RHODOGASTER.

Ilerpetodryas rhodogaster Schleg. Phys. Serp. ii. p. 193.

Polyodontophis rhodogaster Bouleng. Cat. Sn. i. p. 182.

Madagascar.

2. POLYODONTOPHIS TORQUATUS.

Coronella torquata Bouleng. Ann. &, Mag. N. H. (6) 1888,

p. 103, pi. V. fig. 3.

Polyodontophis torquatus Bouleng. Cat. Sn. i. p. 183.

Madagascar.

3. Polyodontophis mayottensis.

Ablabes rhodogaster, vai-. mayottensis Peters, Mon. Berl. Ac.

1873, p. 793.

Polyodonto})his mayottensis Bouleng. Cat. Sn. i. p. 183.

Mayotta., Comoro Islands.

2. Tropidonotus.

Kuhl, Bull. So. Nat. ii. 1824, p. 81 ; Bouleng. Cat. Sn. i.

p. 192.

Liopholidophis Mocquard, Bull. Mus. Paris, 1904, p. 302.

Synopsis of the Species.

I. Scales in 17 rows.

Rostral nearly as broad as deep ; eye rather small ; subcaiidals

72-152 T. sexlineattts.

Rostral much broader than deep ; e^'e rather large ; subcaudals

97-160 „ T. doHchorercus.

Rostral twice as broad as deep ; subcaudals 221 T. grandidieri.

II. Scales in 19 rows; subcaudals 68-104.

Frontal once and a half as long as broad T. sUuivpffii.

Frontal once and two-thirds to twice as long as broad T. lateralis.

1. Tropidonotus sexlineatus.

Dromicus sexlineatus Giinth. Ann. & Mag. N. H. (5) ix. 1882,

p. 264, fig.

'fropidonotas sexlineatus Bouleng. t. c. p. 246.

Madagascar.

2. Tropidonotus dolichocercus.

Dromicus dolicocercus Peracca, Boll. Mus. Torin. vii. 1892,

no. 112, pi. i. fig. i.

Tropidonotus dolichocercus Bouleng. t. c. p. 246.

Madagascar.

3. Tropidonotus grandidieri.

Liopholidophis grandidieri Mocqu.ard, Bull. Mus. Paris, 1904,

p. 304.

Madagascar.
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4. Tropidonotus stumppfii.

Dromicics stumpfii Boettg. Zool. Anz. 1881, p. 358.

Tro^ndonotus stumpffii Bouleng. t. c. p. 247.

% Lio2)hidmm gracde Mocquard, Bull. Mus. Puris, xiv. 1908,

p. 261.

Madagascar.

5. Tropidonotus lateralis.

LeptopMs lateralis, part., Dum. k Bibr. Erp. Gen. vii. p. 544.

Tropidonotus lateralis Bouleng. t. c, p. 248.

Madagascar.

3. Dromicodryas.

Bouleng. Cat. Sn. i. p. 189.

Two species :—
Subcaiidals 81-117 ; usually two light dorsal stripes D. bernieri.

Subcaudals 108-122 ; four "black dorsal stripes D. quadrilineatus.

1. Dromicodryas bernieri.

Ilerpetodryas hernierii Dum. & Bibr. Erp. Gen. vii. p. 211,

pi. Ixvi.

Dromicodryas bernieri Bouleng. t. c. p. 189.

Madagascar.

2. Dromicodryas quadrilineatus.

Herpetodryas quadrilineatus Dum. & Bibr. t. c. p. 212.

Dromicodryas quadrilineatus Bouleng. t. c. p. 190,

Madagascar.

4. CoMPSOPHIS.

Mocquard, CR. Soc. Philom. 1894, no. 17, p. 8.

1. CoMPSOPHis ALBIVENTRIS Mocquard, 1. c.

Madagascar.

5, LlOPHIDIUM.

Bouleng. Cat. Sn. iii. p. 598.

1. LlOPHIDIUM TRiLiNEATUM Bouleng. t. c. p. 599.

Madagascar.

6. PsBUDOXYRHOPUS.

Glinth. Ann. & Mag. N. H. (5) vii. 1881, p. 359; Bouleng,

Cat. Sn. i. p. 314.

Rhabdotophis Werner, Jalu'esh. Nat. Yer. Wiirttemb. Ixv.

1909, p. 58.
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Seven species

I. Scales in 25 rows ; loreal twice as long as deep ; frontal

nearly as broad as long P. microps.

II. Scales in 21 rows.

8 upper labials, 4tli and 5tli entering ej'e ; rostral just visible

hova above P. lieterxirus.

8 upper labials, 4th and 5th entering e3'e ; portion of rostr.il

visible from above at least half as long as its distance

from the frontal P. quinquelineatus.

7 upper labials, 3rd and 4th entering e^^e P. ambreetisis.

III. Scales in 19 rows P. imermce.

IV. Scales in 17 rows.

Rostral broader than deep; ventrals 183; subcaudals 64 P. occipitalis.

llostral deeper than broad; ventrals 167; subcaudals 37 P. stibcaudaUs.

1. PsEUDOXYRtioPUS MICROPS GUntb. Ann. &, Mag. N. H. (5)

vii. 1881, p. 359, fig. ; Bouleng. t. c. p. 315, &, iii. p. 613.

Pseudoxijrhopus duhius Mocquarcl, Bull. Mus. Paris, 1904,

no. 6, p. 305.

Madagascar.

2. PSEUDOXYRHOPUS HETERUHUS.

Ilomalocephalus heterurus Jan, Arch. Zool. Anat. Phys. ii.

1863, p. 286.

Pseudoxijrhojnds heterurus Bonleng. Cat. Sn. i. p. 315.

Madagascar.

3. PSEUDOXYRHOPUS QUINQUELIXEATUS.

Liophis quinquelineatus Giintli. Ann. & Mag. N. H. (5) vii.

1881, p. 359, fig.

Pseudoxyrhopus qihinqiielineatus Bouleng. t. c. p. 315.

Madagascar.

4. PsEUDOXYRHOPUS AMBREENSis Mocquard, CR. Soc. Philom.

1894, no. 9, p. 4 ; Bouleng. Cat. Sn. iii. p. 613.

Madagascar.

5. PsEUDOXYRHOPUS IMERIN^.

Liophis imerince Giinth. Ann. & Mag. N. H. (6) v. 1890, p. 71.

Pseudoxyrhojjus imerince Bouleng. Cat. Sn. i. p. 316.

Madagascar.

6. PsEUDOXYRHOPUS OCCIPITALIS Bouleng. Cat. Sn. iii. p. 613.

Madagascar.

7. PsEUDOXYRHOPUS SUBCAUDALIS.

Rhahdotophis sicbcaitdalis Werner, Jahresh. Nat. Ver. Wiirt-

temb. Ixv. 1909, p. 58.

Mada.";ascar.
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7. Imophis.

Mocqnard, Bull. Mus. Paris, 1901, p. 252.

1. Idiophis vaillanti Mocquai-d, 1. c. and Bull. Soc. Philom. (9)

iv. 1902, p. 14, pi. i. fig. 3.

Madagascar.

8. Pararhadinjsa,

Boettg. in Voeltzk. Reise Ostafr. iii. p. 325.

1. Pararhabin^a melanogaster Boettg. t. c. p. 326.

Madagascar (Nossi Be).

9. Heteroliodon.

Boettg. in Voeltzk. Reise Ostafr. iii. p. 313.

1. Heteroliodon torquatus Boettg. 1. c. j)l. xxvi. fig. 4.

Madagascar.

10. Lioheterodon.

Dum. & Bibr. Erp. Gen., Atlas, pi. Ixix. ; Bouleng. Cat. Sn. i.

p. 268.

Three species :

—

Scales ill 23 rows ; ventvals 209-216 ; prgefrontals separating
internasals from frontal i. madagascariensis.

Scales in 23 rows; ventrals 191-194!; internasals in contact
with frontal i. geayi.

Scales in 21 rows; ventrals 159-170; internasals in contact
with frontal L. modestus.

1. Lioheterobon MADAGASCARIENSIS.

Heterodon madagascariensis Dum. & Bibr. op. cit. vii. p. 776,
pi. Ixix.

Lioheterodon madagascariensis Bouleng. t. c. p. 269.

Madagascar.

2. Lioheterodon geayi Mocquard, Bull. Mus. Paris, 1905,
p. 289. .

Lioheterodon voeltzkovii Boettg. in Voeltzk. Reise Ostafr. iii.

p. 313, pi. xxviii.

Madagascar.

3. Lioheterobon mobestus.

Heterodon modestus Giintli-. Ann. & Mag, N. H. (3) xii. 1863
p. 356.

Lioheterodon modestus Bouleng. t. c. p. 269.

Madagascar.



SHAKES OF IWADAGASCAR. 377

11. MlCROPISTUODON^,

Mocqnavd, CR. Soc. Philom. 1894, no. 17, p. 7.

1. MrcROPisTHODON ocHRACEUs Mocquavd, 1. c. p. 8.

Maclagascai' (Nossi Be).

12. LYCOGXATHOPniS.

Bouleng. Cat. Sn. i. 23. 317.

1. Lycognathophis sechellensis.

Psamviophis seychellensis Sclileg. Phys. Serp. ii. p. 212.

Lycognathopliis sechelleusis Bouleng. t. c. p. 317.

Seychelles.

13. BooDox.

Dum. & Bibr. Mem. Ac. Sc. xxiii. 1853, p. 460 ; Bouleng. Cat.

Sn. i. p. 327.

1. BOODON GEOMETRICUS.

Lycodon geometrictcs Sclileg. Phys. Serp. ii. p. 111.

Booclon geometricus Bouleng. t. c. p. 329.

Seychelles.

14. Lycodon.

Boie, Isis, 1827, p. 521 ; Bouleng. Cat. Sn. i. p. 348.

1. Lycodon aulicus.

Coluber aidiciis Linn. Mus. Acl. Fricl. i. p. 29, pi. xii. iig. 2.

Lycodon auliciis Bouleng. t. c. p. 352.

Introduced in the Mascarene Islands.

Opisthoglypha.

Synojjsis of the Genera.

I. PriBfroutal not in contact with the upper labials; a loreal sejarating the nasal

from the prseocular.

A. Pupil round.

Scales in 19 rows ; tail moderate or short (subcaudals 31-76) ; anal

entire Geodipsas.

Scales in 21 rows ; tail long (subcaudals 121-175) ; anal divided

;

loreal once and a half to thrice as long as deep Ithycyphus.

B. Pupil verticallj' elliptic.

1. Body cjdindrical.

Scales keeled, in 19 rows ; snout ending in a long appendage T,angaha.

Scales keeled, in 25 rows ; subcaudals single Alluaudina.
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Scales smooth, in 25 to 29 rows ; ej'e separated from the labials bj^

suboculars Eteirod

2. Body compressed ; scales smooth, in 17 to 25 rows.

Snout rounded Stennphis.

Snout much depressed, broad, truncate .'.. Lycodryas.

II. Prefrontal in contact with upper labials, separating the

loreal from the prteocular; nasal entire or semidivided ;

scales in 17 rows Ilimophis.

1. Geobipsas.

Bouleng. Cat. Sn. iii. p. 32.

Two species :
—

A single loreal ; ventrals 172-189 ; subcaudals 55-76 G. mfralineata.

Two superposed loreals ; ventrals 137; subcaudals 31 G. boulengeri.

1. Geodipsas infralineata.

Tachymenis infralineatus Giinth. Ann. & Mag. N. H. (5) ix.

1882, p. 265.

Geodipsas infralineata Bouleng. 1. c. pi. iii. fig. 1.

Madagascar.

2. Geodipsas boulengeri.

Tachjmenis boulengeri Peracca, Boll. Mus. Torin. vii. 1892,

no. 112, p. 3.

Geodipsas boulengeri Bouleng. 1. c.

Madagascar.

2. Ithycyphus.

Giinth. Ann. & Mag. N. H. (4) xi. 1873, p. 374 ; Bouleng. Cat.

Sn. iii. p. 34.

Two species :

—

Praeocular in contact with frontal ; loreal tviice to thrice as long as

deep ; three postoculars I. goudoti.

Praiocular not reaching frontal ; loreal once and a half to twice as

long as deep ; two (rarely three) postoculars I. miniatus.

1. Ithycyphus goudoti.

Herpetodryas goudoti Schleg. Piiys. Serp. ii. p. 187.

Ithycyphus goudoti Bouleng. 1. c.

Madagascar.

2. Ithycyphus miniatus.

Coluber miniatus Schleg. t. c. p. 148.

Ithycyphus miniatus Bouleng. t. c. p. 35^

Madagascar ; Comoro Islands.
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3. Langaha.

Bruguiere, Journ. de Phys. xxiv. 1784, p. 132 ; Bouleng. Cat.

Sn. iii. p. 35.

Synopsis of the Species.

I. A single supraocular ; rostral appendage pointed.

Rostral appendage at least twice as long as snout, ensiform, not
serrated i. nasuta.

Rostral appendage once and a half to once and two-thirds as long

as snout, tapering to a sharp point, and serrated above at the

end L. intermedia.

Rostral appendage not more than once and a half as long as snout,

serrated above and beneath i. crista-galli.

II. Three supraoculars, in addition to an erect horn-like scale

above the eye ; rostral appendage not much longer than
snout, very obtuse, grooved beneath L. allnandi.

1. LANGAHA NASUTA Shaw, JSTat, Misc. xxii. pi. cmlxviii.

;

Bouleng. t. c. p. 36.

Madagascar.

2. Langaha intermedia Bouleng. Ann. k Mag. N". H. (6) i.

1888, p. 105, pi. V. fig. 6 ; and t. c. p. 37.

Madagascar.

3. Langaha crista-galli Dum. & Bibr. Erp. Gen. vii. p. 806,

pi. Ixxi. ; Bouleng. 1. c.

Madagascar.

4. Langaha alluaudi Mocquard, Bull. Mus. Paris. 1901,

p. 253.

Madagascar.

4. Alluaudina.

Mocquard, CR. Soc. Philom. 1894, no. 17, p. 9 ; Bouleng. Cat.

Sn. iii. p. 38.

1. Alluaudina bellyi Mocquard, 1. c. ; Bouleng. 1, c.

Madagasca]\

5. Etbirodipsas.

Jan, Elenco sist. Ofid. p. 105 ; Bouleng. Cat, Sn. iii. p. 38.

1. Eteirodipsas colubrina.

Dipsas colubrina Schleg. Phys. Serp. ii. p. 273,

Eteirodipsas colubrina Bouleng. t. c. p. 39.

Madagascar.

Proc. Zool. Soc— 1915, No. XXYII. 27
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6. Stenophis.

Bouleng. Cat. Sn. iii. p, 39.

S>/nopsis of the Sjyecies.

I. Scales in 17 or 19 rows ; internasals much shorter than the prsefrontals,

A. Scales in 17 rows; ventrals 187 ; subcauclals 67 pairs... S. giientheri.

B. Scales in 17 rows ; ventrals 228-276.

Posterior chin-shields a little shorter than the anterior and in

contact with each other ; ventrals 229-24i8 ; subcaudals

103-125, all or greater part in pairs 8. granuliceps.

Posterior chin-shields longer than the anterior and in contact

with each other ; ventrals 228 ; subcaudals 110, greater

part in pairs S. inornatus.

Posterior chin-shields shorter than the anterior and separated

by scales; ventrals 255-276; subcaudals 93-116, all or

greater part single S. gaimardii.

C. Scales in 19 rows ; ventrals 243 ; subcaudals 126, single. 8. maculatus.

II. Scales in 21 to 25 rows.

A. Internasals much shorter than the pi'sfrontals ; scales

in 21 rows ; ventrals 173 ; subcaudals 157 pairs 8. longicauda.

B. Internasals nearly as long as, or a little longer than the praefrontals.

1. Loreal separated from the eye hy the praeocvilar ; subcaudals 152-159,
single.

Posterior chin-shields largo and in contact with each other

;

scales in 21 or 23 rows ; ventrals 225-236 8. aretifasciatus.

Posterior chin-shields verj' small or absent ; scales in 23 or 25
rows; ventrals 251-265 8. variabilis.

2. Loreal entering the eye ; scales in 23 rows ; ventrals

226; subcaudals 106 pairs 8. befsileanus.

1. Stenophis guentheri Bouleng. t. c. p. 40, pi. iv. fig. 1.

Madagascar.

2. Stenophis granuliceps.

Dipsas {^Heterurus) gahnarcli, var. granuliceps Boettg. Abh.
Senck. Ges. xi. 1877, p. 14, pi. i. fig, 3.

Stenophis granuliceps Bouleng. t. c. p. 41,

Madagascar.

3. Stenophis inornatus Bouleng, t. c. p. 42.

Madagascar,

4. Stenophis gaimardii.

Dipsas gaimardii Schleg, Phys. Serp. ii. p. 293.

Stenophis gaimardii Bouleng. t. c, p. 42.

Madagascar ; Comoro Islands.

5. Stenophis maculatus,

Dipsadohoa maculata Giinth, Cat. Col. Sn. p. 183.

Stenophis maculatus Bouleng, t, c. p. 43, pi. iv, fig. 2.

Madagascar (?).
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6. Stbnophis longicauda Boettg. in Voeltzk. Reise Ostafr. iii.

p. 315, pi. xxvi. fig. 7.

Madagascar.

7. Stexophis arctifasciatus.

Eeterurus arctifasciatus Dum. & Bibr. Erp. Gen. vii. p. 1176.

Stenophis arctifasciatus Bouleng. t. c. p. 43.

Madagascai\

8. Stenophis variabilis Bouleng. t. c. p. 43, pi. iv. fig. 3.

Madagascar.

9. Stenophis betsileanus.

Dipsas hetsileana Giinth. Ann. & Mag. IST, H. (5) vi. 1880,

p. 238.

Stenophis betsileanus Bouleng. t. c. p. 44, pi. iv. fig. 4.

Madagascar.

7. Lycodryas.

Giinth. Ann. & Mag. N. H. (5) iii. 1879, p. 48 ; Bouleng. Cat.

Sn. iii. p. 44.

1. Lycodryas sancti-johannis Giinth. 1. c. ; Bouleng. t. c.

p. 45, pi. iii. fig. 2.

Comoro Islands.

8. MiMOPHlS.

Gunth. Ann. & Mag. N. H. (4) i. 1868, p. 421 ; Bouleng. Cat.

Sn. iii. p. 171.

1. MiMOPHIS mahfalensis.

Psammophis mahfalensi-s Grandid. Rev. et Mag. Zool. xix.

1867, p. 234.

Ilimophis maJifalensis Bouleng. 1. c.

Madagascar.

Pi'otei'oglypha.

(Sea^Snakes, with oar^haped, compressed tail.)

Two genera :

—

No distinct ventrals ; frontal at least as long as snout Hf/drus.

Veutrals distinct, but very small ; frontal shorter than its distance

from end of snout Enhydrina.

27'
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1. Hydrus.

Schneid. Hist. Amph. i. p. 233 ; Bouleng. Oat. Sn. iii. p. 266.

1. Hydrus platurus.

Anguis platura Linn. S. N. i. p. 391.

Hydrus plaiurits Bouleng. t. c. p. 267.

Jnclian and Pacific Oceans.

2. Enhydrina.

Gray, Cat. Sn. p. 47 ; Bouleng. Oat. Sn. iii. p. 302.

1. Enhydrina valakadien.

Hydrus valakadyn Boie, Isis,' 1827, p. 554,

Enhydrina valakadien Bouleng. 1. c.

Indian Ocean, eastwards to Papuasia.
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29. On a Blood-sucking Gamasid Mite (^Iclioronyssus ser-

pentiian, sp. n. ?), parasitic on Gouper's Snake. By
Stanley Hikst, F.Z.S.^

[Received April 30, 1915 : Read May 25, 1915.]

(Text-figures 1 & 2.)

It is quite probable that the species dealt with below is identical

with that to which Gervais gave the name Dermanyssus natricis

in the year 1844, but as there is some doubt on this point, I am
describing it under a new name. Gervais says very little about

the structure of his species, and the only account of it which is

at all complete is that written by Paul Megnin in 1884, who
created a new genus [Ojjhionyssits) for it. References to several

earlier papers and works in which this parasitic mite is mentioned
are given in Megnin's paper. Unfortunately he makes a serious

mistake in his description, stating that there is no ventral plate

(plastron) on the lower surface of the body, and that the
" oviducte" has the form of a longitudinal slit. It is quite clear

that he mistook the narrow geni to-ventral plate for the genital

opening itself. In reality, the genital aperture is quite normal
in apjDearance, being transverse and protected by the usual deli-

cate chitinous flap or operculum, which is joined posteriorly to

the genito-ventral plate. Ophionyssus natricis is mentioned by
G. Canestrini in his ' Prospetto dell' Acarofauna Italiana,' and
also by Prof. Antonio Berlese in his well-known work on the

Acari, etc. of Italy ; but these authors did not have the oppor-

tunity of examining specimens, and the latter expresses doubt as

to the validity of the genus, rightly considering it as probably

identical with Leiognathus Can. [= Ichoronyssus Kolenati].

It may be of interest to note that, in having two dorsal shields

and also minute intermediate platelets, the adult females described

below present a strong resemblance to the protonymph stage

of certain other species of Ichoronyssus (for instance, to that of

/. hacoti mihi).

Genus Ichoronyssus Kolenati.

Devnianyssus (ad part.) Gervais, in Ins. Apt. iii. p. 223 (1844)

;

Ichoronyssus Kolenati, Wien. ent. Monatschr. ii. p. 5 (1858); id.

Sitz. K. Akad. Wiss. Wien, xxxv. p. 173 (1859); Ophionyssus

Megnin, Bull. Soc. Zool. France, p. 109 (1884) ; Ophionyssus -{-

Leiognathus G. Canestrini, in Prospet. Acarof. Ital. part i. p. 121

(1885) ; Liponyssus of some recent authors, but probably not

that of Kolenati.

* Published bj- permission of the Trustees of the British Museum.
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ICHORONYSSUS SERPENTIUM, Sp. n. ?

5 . Body long oval in shape. Dorsal surface furnished with
numerous hairs, which are not veiy long and are distinctly

curved ; apparently the fine little offshoot or hair present near
the end of the hairs of certain other species of Ichoronyssus (for

instance, on those of /. bacoti) does not occur on the hairs of this

Text-figure 1

.

Ichoronyssus serjpentitim, $ . Ventral view.

species. There are two dorsal shields, the anterior one being

comparatively large (length -3 mm., width -27 mm.), but the

posterior one, which is situated far back near the hinder end of

the dorsal surface, is very small and inconspicuous. Outline of

(interwr shield shaped almost- like that pf ?i le^upp ; twenty hairs
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are present on its surface, six pairs practically forming a longi-

tudinal series running down the middle and four other hairs

being placed on each side, three of these lateral hairs being
marginal. The minute posterior shield is not provided with
any hairs, but one or more pairs of minute punctations, which
may possibly represent the sockets of hairs, occur on it.

On each side of the dorsal surface, a little behind the anterior

shield, there are two distinct but very minute platelets, and
they are followed posteriorly by about four very inconspicuous

Text-figure 2.

Xchoronyssus serpentium, ^ . Dorsal view.

(obsolete) linear platelets, arranged in a longitudinal series.

Numerous hairs are present on the posterior part of the
ventral surface, but they are shorter than those on the dorsal

surface. Sternal 2ylctte trapezoidal in shape, being much wider
than long and furnished with only two pairs of hairs. Genital

apertiLre normal in situation and appearance ; it is protected by
the usual thin membranous operculum. Gerdto-ventrcd plate long
and very narrow, the hinder end being sharply pointed. Anal
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plate pear-shaped, and it has the three usual hairs on its surface.

Peritreviie slender and rather short ; it reaches a little further
forwards than the coxa of the third leg. Fingers of chelicera

short, and apparently without any trace of teeth. Legs. First
leg the longest, and the fourth leg also long, the legs of the
second and third pairs being shorter. Yentral sui'face of coxse

without any strong spurs, only fine setae or hairs being present.
There is, however, a very slight projecting spinule at the distal

end of the inner surface of the coxa of the first leg.

Length "9 mm.
Colour (in spirit) reddish brown.
Material. Five female examples found on a Couper's Snake in

the London Zoological Gardens (May 5th, 1909).
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30. On the Feet and Grlands and other External Characters

of the Paradoxurine Genera Paradoxurus, Arctictis,

Arctogalidia, and Nandinia. By H. I. PocoCK, F.R.S.,

F.L.S., F.Z.S., Curator o£ Mammals.

[Received May 11, 1915 : Read June 8, 1915.]

(Text-figures 1-10.)

I^i'^^- Page
Feet of Paradoxurus 387

„ Arctictis 389

„ Arctoffalidia 390

„ Nandinia 392

Comparison between the Paradoxurine and Viverrine types

of feet 394

Rhinariuni and vibrissa3 of Paradoxurines 395
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,, „ „ „ Arctictis 406
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General conclusions with regard to the perfume-glaiids ... 411

This paper, the result of researches carried on at intervals for

several years in the Society's Prosectorial Department, may be
regarded as a continviation of the one dealing with the genera
of Viverrinje which was published in the 'Proceedings' for

March 1915 (pp. 131-149). Its subject-matter is treated on the
same genei-al line^ as those therein adopted, and its main purpose
is to show first that the genera discussed, hitherto diagnosed
mainly by cranial and dental characters, may be equally well,

perhaps better, distinguished by the cutaneous features examined
;

and secondly, that these features fully justify the conclusion,

hinted at but not adopted by Mivart, that the Yiverrine and
Paradoxurine genera should be relegated to distinct subfamilies

of the ViverridsB.

The gen VIS Paradoxurus, including the species referred to

Paguma and Macrogalidia, ranges from India and Ceylon to the
Philippine Islands and Celebes. Arctictis extends from the
eastern Himalayas to Borneo, and Arctogalidia, with the same
eastern limit, reaches Assam. Nandinia, on the contrary, is

restricted to the forests of tropical Africa.

The Feet of Paradoxurus.

Of this genvis I have examined examples of the three species

P . larvatus from Szechuen, P. niger from India, and P. herina2)hro-

ditus from Singapore. According to Gray's nomenclature, which
there is a tendency at the present time to revive, larvatus should

be referred to the genus Paguma ; but in this pap§r I propose,
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Avithout prejudice, to follow Blanford and most modern authors
in I'egardiug Paguma as a synonym of Paradoxurus.
The fore foot of P. larvatus is broad ; the digits are capable of

considerable distension and are webbed up to the proximal ends
of the digital pads ; the underside of the webs is smooth, save for
the presence of four patches of short hair near the distal margin
of each. The pollex is well developed and lies close to the second
digit. The plantar pad is large and wide owing to the size of its

pollical lobe, which approximately equals in dimensions any one of
the three main lobes corresponding to the intervals between the

Text-fie-ui'e 1.

Farado.vurus larvatus.

A. Left fore foot, digits fully stretched.

B. Left liind foot,

four principal digits. The lobes are well defined by grooves.

The double carpal pad, separated by a deep naked crease from
the plantar pad, is at least as Avide and long as the latter in-

cluding its pollical lobe. The external lobe of the carpal pad is

about twice as large as the internal and is defined from it by a

deep groove. These carpal pads occupy practically the whole
width of the paw behind the plantar pad and, like the latter and
the digital pads, are covered with coarsely granular or scale-like

integument.
The claws are protected by rudimentary skin-lobes and are
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retractile in the sense that the terminal phalanx can be drawn
back so as to lie along the outer side of the penultimate phalanx
as in most of the Viverridge and the Felidae.

The hind foot resembles the fore foot in its main features, but
is narrower and the digital pads of the third and fourth digits

are united at the base ; behind their point of junction there is a

small triangular patch of short hair. Similar patches of hair ai-e

present on the underside of the proximal half of the webs, as in

the fore foot. The hallux is shorter than the pollex, but tho

hallucal lobe is lai-ge and adds consideiably to the width of the

plantar pad, the elements of which are well defined. Behind the

plantar pad the greater part of the underside of the metatarsus

is naked ; the naked area., narrowing posteriorly or proximally,

reaches to within about half an inch of the heel, which is

covered with hair. This naked area exhibits a median depression

which is narrower distally close to the plantar pad than
proximally towards the heel, and is bounded at the sides nearly

throughout its length by two thick ridges of integument, tlie

metatarsal pads. The external of these, narrower but a little

longer than the internal, is continuous distally with the external

lateral lobe of the plantar pad ; the intei'nal is similarly continuous

witli the hallucal lobe of that pad. In the specimen here described,

the depression between these pads or ridges is thickly covered

with horny sub-spiniform papillae.

The feet of Paradoxurus hermaphroditus and P. niger show no
diiferences of moment from those of P. larvatus. The underside

of the webs, however, is naked ; and the example of P. niger-

examined exhibited no sharp horny papillse in the depression

between the metatarsal pads of the hind foot.

• The Feet q/Arctictis.

The fore foot resembles in all essential respects that of Para-
doxurus larvatics, but the web connecting the digits is naked
beneath, a,nd the two elements of the carpal pad are not so sharply

defined from one another and from the plantar pad.

The hind foot is also like that of Paradoxurtcs in most respects,

particularly, be it noted, in the fusion of the digital pads of the

third and fourth digits proximally. Here also there is no hair on
the underside of the interdigital webs, the division between the

plantar and metatarsal pads is ill-defined, and the metatarsal area

itself is not sharply difi"erentiated into a median depression and
latex'al elongated pads. On the contrary, it is comparatively flat

and the naked area extends right back to the heel. In one

example, a full-sized but young male, the skin of the underside

of the heel is covered with a mat of horny, pointed papillae.

No such mat, however, is present on the heel of a young female,

and, judging from the skins in the British Museum, its develop-

ment is variable, the sculpturing being sometimes papillate,

sometimes squamous.
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The claws are sharp, strongly curved, and retractile, but are
unguarded by lobes of skin.

In the nakedness of the heel, Jrctictis, as has been noticed by
Mivart and others, dift'ers from all other genera of Paradoxurines.

Text-figure 2,

Arctictis hinturong.

A. Left fore foot, digits partiallj^ stretched.

B. Left liind foot, digits not stretched.

This may be an adaptation to a more thoroughly arboreal life

—

a conclusion supported by the prehensile power of the tail *
; but

I cannot find any record of the proximal fusion of the pads of the

third and fourth digits. This character is very suggestive of

affinity between Arctictis and Faradoxurus.

The Feet 0/ Arctogalidia.

The feet of an example from Sarawak resemble in a general

way those of Paradoxi(,rus, but diflfer in one or two interesting-

particulars, especially in being longer, narrower, and less fully

webbed. In the fore paw the digital and plantar pads are well

* About half an inch of the end of the tail was naked and formed a conical point

to that organ calculated to enhance its grasping capacity.
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Text-figure 3.

391

Arctogalldia, from Sarawak.

A. Left fore foot, dis;its fully stretched.

B. Left hind foot, " „

Nandinia hinotata.

C. Left fore foot, digits fi^lly stretched.

U. Left hind foot. „ " „
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developed in the matter of thickness, but are covered witli smootli

integument, and the four lobes of the plantar pad are separated
by shallow grooves and are therefore somewhat ill-defined. Tlie

area between the digital and plantar pads is quite hairless and
the edge of the webbing between the 1st and 2nd, 2nd and 3rd,

and 4th and 5th digits, and to a less degree that between the 3rd
and 4th digits, is more deeply emarginate than in ParadoxuriijS.

The anterior and lateral borders of the plantar pad form a
narrower curve than in that genvis, the pollical lobe especially

being set farther back Avith reference to the median lobe. The
carpal pads are much longer and narrower, but are as wide
throughout as the plantar pad. The claws are short and strongly
curved and not protected by skin-lobes.

The hind foot differs from that of Paradoxurus in chara,cters

similar to those mentioned in connection with the fore foot, but
one additional difference to be noticed is that the pads of the 3rd
and 4th digits are not fused but are separated by a measurable
extent of webbing. The naked area on the metatarsus is of about
the same extent as in Paradoxurtis, the heel being thickly hairy
as in that genus ; and in the skins exan)ined the ai-ea between
the two smooth lateral ridges, or metatarsal pads, is covered with
coarsely squamous integument, the pads themselves, like the
plantar and digital pads, being smooth as in the fore foot.

The Feet o/Nandinia.

The feet of this genus have only been briefly described pre-

viously, so far as I have ascertained. Mivart (P. Z. S. 1882,

p. 170) says that the tarsus and metatarsus are " about as bald as

in Paradoxurus,'^ which is true ; but Lydekker's statement that

the tarsus is partially bald as in Hemigalus is not in accord with
the facts (Lloyd's Nat. Hist, : Cats etc., p. 228, 1896).

The fore foot resembles that of Paradoxurus larvatus in the
development of the webs at least to the proximal ends of the
digital pads, in the extent to which the toes are capable of

separation, and in the confluence of the plantar and carpal pads
to form a single mass, of which the component elements are

defined mei-ely by grooves. These pads, however, are longer as

compared with their width than in Par<idoxiirus , and in the moi'e

backward position of the pollical lobe and the closer curvature of

the distal margin of the plantar pad i-esemblance may be seen to

Ai-ctogalidia. A very nai-row area of skin, sometimes giving ofi'

short streaks towards the digital pads of the 2nd, 3rd, 4th, and
5th digits, is naked, but otherwise the whole of the area between
the plantar and digital pads is thickly covered with velvety hair

as in Genetta and Viverra. In this respect the feet difler from
those of Paradoxurus *, Arctictis, and Arctogalidia. The underside
of the pollex is, moreover, quite naked, the digital pad of this

* Hodgson, however, described tliis area in Paradoxurus lanigerits as hairy ; but
whether the hai'- was developed to the extent seen in Nandlnia or in Paradoxurus
larvatus does not appear.
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digit, which is considerably shorter than in Paradoxurus and a
little shorter than in Arctogcdidia, being connected with the
poUical lobe of the plantar pad by a bare strip of integument.
The claws are retractile but are not guarded by small skin-

lobes as in Genetta. The pads are in the main quite smooth, but
the central depression behind the plantar pad is somewhat
coarsely sculptured.

The hind foot, so far as the webbing and the structure of the

plantar pad are concerned, resembles and differs from that of the
other genera described in this paper in the same respects as those

mentioned in connection with the fore foot. The digital pads,

however, of the third and fourth digits are widely separated,

even more so than in Arcto'ialidia, and resemble in this respect

the homologous pads of Genetta and other Yiverrines. The whole
of the posterior area of the naked metatarsal space is coarsely

ridged transversely, and this ridging is replaced in the elongated
depression behind the plantar pad by coarse polygonal sculp-

tui'ing. This depression is bounded on each side by a thick,

elongated, metatarsal pad, sculptured internally, but these pads
are not so long as in Faradoxiirus and Arctogalidia*.

The characters of the feet of the four genera of Paradoxurines
above described may be systematically epitomised as follows :

—

a. Pads of 3rd and. 4th digits of hind foot pvosimallj' united in

the middle line; fore paws broad, their plantar and carpal
pads combined only a little longer than wide

;
pads of fore

and hind feet with coarse tessellated sculpturing.

a'. Sole of hind foot not naked to heel Faradoxuriis.
h'. Sole of hind foot naked to heel ArcUctis.

h. Pads of 3rd and 4th digits of hind foot senarated ; fore paws
narrower, their plantar and carpal pads combined much
longer than wide

;
pads of fore and hind feet smooth or

nearly so ; [heel of hind foot hairj^ as in Paradoxurus].
a". Area between plantar and digital pads smooth Arctogalidia.
b". Area between plantar and digital pads, except of digit 1,

thickly hairy Nandhiia.

The tessellated sculpturing of the pads observed in Arctictis

and the species of Paradoxurus examined must be verified for

other species of the latter genus, before it can be definitely

regarded as a generic feature. The fusion of the pads of the
3rd and 4th digits of the hind feet in these two genera

—

obviously a specialised feature—may be regarded as evidence of

affinity between them ; but the separation of these same pads in

Nandinia and Arctogalidia is a case of the mutual inheritance
of a primitive character*, and cannot be considered as evidence of
relationship.

* From the foregoing account of the hind feet ot Paradoxt<rus, Arctogalidia. and
Nandinia it will be seen that Mivart's description of the tarsus as " half-bald " in
these genera is untrue, since by the term tarsus he meant the whole area between
the plantar pad and the heel (P. Z. S. 1892, p. 206). He also included Semigalus
{Hemigalea) in the category of genera with "half bald" tarsus, although his own
figure of the hind foot of this genus {op. cit. p. 166) shows correctly that the greater
part of the sole behind the plantar pad is covered with hair.
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Comparisoii between the Paradoxurine and Viverrine

types offeet.

The feet of the Paradoxurine genera above described, and those

of the Viverrine genera described in roy previous paper (P. Z. S.

1915, pp. 132-140), may be briefly compared as follows :

—

Viverrince.—The pollical and hallucal elements of the plantar

pads are either suppressed or small, and when present lie

altogether behind the internal lateral lobe of the plantar

pads so as to contribute nothing to the width of the latter.

The carpal pads whether single or double are much shorter

and narrower than the plantar pad, occupy only a small

part of the underside of the carpo-metacarpal area, and are

separated from the plantar pad by a tolerably long space,

of which the median portion at least is covered with hair.

The underside of the metatarsus is for the most part covered

with hair ; when the metatarsal pads persist, they are

reduced to a small bilobed pad some distance away from
the plantar pad (Civettictis), or to two narrow median ridges

of integument in contact throughout the greater part of

their length, slightly sepa.rated towards the heel and more
strongly divergent inferiorly where they extend to right and
left to meet the postero-lateral angles of the plantar pad,

leaving a hairy space between [Genetta).

Paradoxurince.—The pollical and hallucal elements of the

plantar pads are large and comparable in size to the three

remaining lobes of this pad individually, thus adding con-

siderably to its width. The carpal pads are long and wide,

occupy nearly the whole of the width of the underside of

the carpo-metacarpal area, and conjointly equal or approxi-

mately equal the plantar pad in area ; they are defined from
it by a transverse groove which expands mesially into a

depression, but this depression is never hairy. The meta-
tarsal ai-ea is naked throughout the greater part of its

length and width ; when the metatarsal pads are retained

they form two thick ridges of integument separated by a

wide depressed ai'ea.

From this it is clear that the differences between the feet of

these two groups are considerable. The differences in the case

of the Viverrinse have arisen, as I have already pointed out

(P. Z. S. 1915, p. 139), by the srippression or reduction in size of

the pollical and hallucal elements of the plantar pads, by the

reduction in size of the carpal pads, the growth of hair between

them and the plantar pad, and by the suppression or reduction

in size of the metatarsal pads and their replacement by normal

hairy integument. In the case of Genetta, which of all the

Yiverrinse has the least specialised feet, it is clear that the two

juxtaposed narrow ridges of skin extending along the middle

line of the metatarsus are the homologues of the two thick ridges

or pads, separated by a median depression, in Paradoxtcrus or

Arciogalidia.
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There is one other genus of Viverridse which calls for attention

here because its feet belong to the Paradoxurine type, though
they diifer in certain details from the feet of the genera to which
that term is here restricted. This is the otter-like amphibious
Civet Cijnogale, which Gray fii'st of all made the type of a special

subfamily, afterwards raising it to family rank on characters

held by Mivart to be trivial for that purpose. Mivart regarded

Cijnogule as an aberrant genus of his subfamily Yiverrinfe, which
embraced the Civets, Genets, Linsangs, Paradoxures, and others.

The gland, however, was unknown both to Gray and Mivart.

By this organ, as I have recently shown *, as well as by the

structure of the muzzle and of the rhinarium, Cynogcde differs

caiisiderably from the genera both of the Yiverrine and Para-

doxurine sections of Yiverrida?, and cannot be included in either,

as I define them, without unduly disturbing their homogeneity.
In classifying this genus, therefore, I revert to Gray's original

idea and regard it as the representative of a special subfamily,

Cynogalinse,

The Rhinarium and Vibrissce of Paradcucurines.

In Paradoxibrivs ^«rwai^<s the rhinarium is large and prominent.
Viewed from the front its upper edge is markedly biconvex
owing to the depth of the median groove and the curvature of

the lateral angles. This groove extends uninterruptedly from a

point close to the posterior border of the upper surface, over the
anterior surface, where it is veiy deep, down to the edge of the
lip in the middle line. The infranarial portion is large and
extends latei-ally beyond the nostrils, where it curls up and nar-

rowly borders them externally throughout their length on the
upper side. Its inferior edge is horizontal with rounded angles.

Just beneath the narial orifice in front, this infranarial portion

is marked with a curved depression which runs downwards and
inwards towards the middle line. This gi-oove appears to corre-

spond to the obliquely inclined infranarial edge of the rhinarium
in Ganis and Fells, the ai'ea external to the groove being covered

with hair in those genera and other members of the families to

which they belong.

Viewed from above, the coiivexity of the anterior edge is

interrupted by a deep median angular notch—smaller in the

young—and its posterior edge is concave. The narial slits con-

verge inwards and backwaxds and are bordered externally by the

narrow naked strip which is continuous in front Avith the supero-

lateral angles of the large infranarial area. As a I'esult of the

backward and inward inclination of the narial slits, the upper
field of the rhinarium is considerably wider in front than behind.

Finally, it may be added, the hairy poi'tion of the upper lip

below the rhinarium is only about half the height of the anterior

surface of the rhinarium itself.

Comparing the rhinarium of Paradaxurus with those of the

* Ann. Mao-. Nat. Hist. (8) xv. pp. 351-360, 1915.

Proc. Zool. See— 1915, No. XXVIII. 28
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Viverrinse described in my previous paper, it clearly resembles

most closely that of Viverra zibetha, but its anterior and upper

sui'faces are much more deeply grooved, its superior angles on

each side of the median notch are more prominent, and its upper

surface is more markedly biconvex.

In P. hermaphroditus the rhinarium is like that of P. larvatus

in all essential respects.

Text-fisfure 4.

Rhinarium, seen from the front and above, of A. Wandinia ; B. Arctogalidia
;

C. Paradoxurus larvatus; D. Arctictis; E. Civettictis.

The rhinarium of Arctogalidia from the anterior aspect closely

resembles that of Paradoxurtis^ but is narrower as compai-ed with

its height, and the lower edge of the infranarial portion slopes

more obliquely upwards. Viewed from above, the median notch

is wider and somewhat deeper, and the angles that define it are

farther from the middle line and nearer the narial slits. These
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slits, moreover, are subparallel and only slightly convergent pos-

teriorly, so that the upper surface of the rhinarium is only a
little narrower behind than in front.

In Nandinia the rhinarium, seen from the front, is a little

narrower and higher tlian in Arctogcdidia; its upper edge is less

markedly biconvex, owing to the sulcus being shallower. The
upper surface has a shallower anterior notch, and is a little

longer as compared with its width than in Arctogalidia and is

quite as wide behind as in front.

The rhinarium of Ardiet is differs from those of the other

Paradoxuriiie genera here described in one or two points. The
median groove extends over the upper surface-, but is sunk in a

much shallower depression. Hence the superior margin of the
anterior sui-face is not markedly biconvex, but is fairly evenly
convex from side to side-, with Only a small and shallow median
notch. Seen from above, this mai-gin is similarly Convex from
side to side, with a small median notch; The infranarial portion

in front is shallower and has a more evenly rounded inferior

border, and, when seen from above^ the narial slits converge
posterioi'ly as in Faradoxurus-.

In my description of the rhinaxia of the Viverrine genera
Viverra, Civettictis, etc., I said :

— '' It is impossible to affirm the

existence of any absolute difference between the rhinaria of the

Viverrinae collectivel}' and of the Paradoxurinje." Coufii-mation

of this is supplied by a study of this organ in the Paradoxnrinse

;

for, although the rhinarium of Faradoxurus^ Arctogalidia, and
Nandinia differs from that of the Viverrinte in being very deeply

sulcate above and in front, the rhinarium of Arctictis, a genus in

most particulars the least Viverrine of all the Paradoxurinse, is

much less deeply and widely sulcate-, its supero-anterior margin
being evenly convex from side^ to side with a quite small median
notch. The convex curvature of this border recalls that of the

rhinarium of the African Civet [Civettictis), although the median
groove of the rhinarium is deeper both above and in front than
in that genus. On the other hand, the rhinarium of the large

Indian Civet [Viverra zibeiha), with its upper suiface biconvex,

is more like the rhinarium of Parddoxurivs than is tlie rhinai-ium

of Arctictis. In the shape of this organ, therefore, the genera of

Viverrinae and Paradoxurin&e intergradei

The facial vibrissa3 raAj be briefly dismissed^ The tufts are

without exception normal in number, the mystacials in particular

being long and rigid. Of the two genal tufts on each side, the

inferior is situated in a line With the cotner of the mouth and
the superior a little higher up and posterior to it. The least

developed is the interrainalj but it is always present and not far

behind the mandibulai- symphysiSi

The Ear of Paradoxurin&s and Viverrines.

There appears to be no accepted terminology for the carti-

laginous ridges which strengthen and support the pinna of the
28*
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ear in mammals, and by interlocking help to close the meatus
when it is capable of being closed. Mivart described the pinna
of the Common Cat ('The Cat,' pp. 295-296, 1881) and of the

Genet (P. Z. S. 1892, p. 51, fig. 12), adopting for the several

parts names originally applied to the human ear. An entirely

different nomenclature was, however, proposed by Boas in 1912

('Ohrknorpel und iiusseres ohr der Saugetiere,' Kopenhagen).
in the following account I have attempted to show the corre-

spondence between these two systems and have, in the main,

followed that of Mivai't as being moi'e familiar and more in-

telligible, without wishing thereby to cast any reflection upon
the excellence of Boas' work.

In Paradoxurus larvatus the cartilaginous ridges, with their

intervening fossfe, which strengthen the lower portion of the

pinna round the auditory meatus, resemble those of the Cat and
Genet in essential features. Two ridges run obliquely upwards
and forwards in front of the inferior orifice of the meatus
(adittts inferior of Boas). The outer of these, the posteron 4 of

Boas, carries a low elevation called the tragus by Mivart. The
inner, the anteron 6 of Boas, has a sinuous edge and runs higher

up the front of the ear than the outer or tragus-bearing ridge.

This inner ridge is called the post-tragns by Mivart in the case

of the Cat, but in his figure of the Genet's ear it is marked
tragus. Two ridges similarly run obliquely upwards and back-

wards from the inferioi' orifice of the meatus. The outer of

these, the jyosteron 6 of Boas, is produced inferiorly into a la,rge

angular process, the antitragus of Mivart, which fits into the

lower part of the fossa between the two anterior ridges when
the ear is closed. Above and Avithin the outer ridge lies the

inner of the two posterior ridges, which is much softer and less

well developed than the othei'S and shows a small swelling near

its lower end. This ridge, an integumental non-cartilaginous

structure, was not given a special name by Mivart, and was
merely desci'ibed as a "weiche Falte" by Boasw Nevertheless

it appears to be a constant feature in the ears, at all events, of

the Canidfe, Felida;, and Yiverridae,

The four ridges above described, with their intervening fossfe,

form the anterior and posterior walls of the deep and spacious

fossa lying above the auditory meatus. This large fossa is defined

above by a transverse cartilaginous ridge, the piica principcdis of

Boas and the snpratragus of Mivart, the anterior end of which

is overlapped by the inner of the two anterior ridges. Towards
the middle of the ear it exhibits a marked swelling, and behind

this the ridge gradually fades away towards the inner side of the

inner of the two posterior ridges *.

* The cartilaginous thiclieuing in tlie ear of the Carnivores, named pos^erow 4 ^J
Roas and tragus by Mivart, seems certainly to be the homologue of the " tragus

"

in the human ear. But the thickening named "antitragus" by Mivart and
posteron 6 by Boas is not, according to this latter author, the exact homologue of the

human antitragus. This well-developed structure in man is part of another carti-

laginous ridge, the posteron 5 of Boas, which is at most feebly developed in the

Carnivores, being merely represented by a weak ridge lying below and on the outer
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The posterior margin of the ear, nearly in a line with the

supratragus, is doubled to form a definite pocket, called the
" pouch " by Mivart and the " Korbchen " or " Tasche " by Boas.

For this I have proposed the name " bursa." The anterior flap

of this is continuous above and below with the rim of the pinna,

and its edge is deeply, widely, and angularly emarginate. The
posterior flap, on the contrary, is semilunar with a continuously

convex edge, the upper and lower ends of which are attached

behind the rim of the pinna, as in the Genet and, I believe, all

species of Felis.

Comparing the ear of Paradoxurus larvatus with that of the

three genera of Yiverrines

—

Genetta, Viverricula, and Civettictis—
the following points may be noticed. In Genetta dongolana

(Somaliland) the bursa is formed as in P. larvatus, except that

the emargination of the anterior flap is nearly rectangular in the

former and obtusely angular in the latter. In Civettictis civetta

and Viverricida malaGcensis, on the other hand, the anterior flap

is less deeply and more widely emai-ginate and the convex edge

of the posterior flap is continuous above and below with the rim
of the pinna, instead of I'ising behind it. Also in these two the

inner of the two anterior ridges carries a much larger process

overhanging the anterior end of the supratragus (antihelix or

plica principalis) than is to be seen in Genetta dongolana and
P. larvatus.

In Genetta dongolana and rubiginosa the tragus is more
markedly bilobed and the antitragus provided with a better

developed external ridge, giving I'ise to the " double" condition

described by Mivart in G. tigrina, than in P. larvatus. This

external ridge is very well foi'med in Viverricida, but is not

lai'ger in Civettictis than in Paradoxurus larvatus.

Apart, however, from the bursa, the ears of the four species

are very much alike, and the recorded diflerences in the exact

shape of the ridges must be tested in the case of other species of

the genera before, in my opinion, it will be safe to attach

systematic importance to them. They may be due merely to

individual variation.

The ear of Paradoxurus hermaphroditus resembles that of

P. larvatus except that the anterior flap of the bursa is more
deeply and roundly emarginate and its angles, especially the

inferior angle, are more produced.

I did not examine in a fresh state the ears of Arctictis. The
only point of importance that could be made out on a dry skin

was the presence of the bursa and its resemblance to that of

Paradoxurus larvatus, in the origin of the upper end of the

side of the so-called antitragus. Mivart recorded the two ridges as a " double
aiititragus," a quite intelligible view. On tlie other hand, Mivart does not seem to

have detected that the ridge he named the post-tragiis {= anteron 6 of Boas) corre-

sponds to the basal portion of the ascending helix in man, and that the supra-tragus

X= 'pUca principalis of Boas) is the homologuc nf part of the aniiJieJi.v of human
anatomists.
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Textrfigi^-e 5,

ai.

ai:

OL.

ae:

Base of pinna of left ear of A. l<fcin(linia\ B. Aratogalidia; C. Baradoxurus
hermaphroditiis ; D. F.TaruaUis; E. Viverviculamalaccensis; F. Civeitictis

civetta.

h., bursa; o., inferior orifice of meatus; s., superior ridge {=-stipratragus of
Mivart) ; ae„ external of the two anterior ridges {= tragus of Mivart) ; ai., internal of
the two anterior ridges {=post-tragus of Mivart)

;
pe., external of the two posterior

ridges (= antitragns of Mivart)
;
joi., internal of the two posterior ridges; e, supple-

mentary ridge outside jse. in Viverricula.
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posterior flap from the back of the pinna and the continviity of

the rim of the pinna with the upper end of the anterior flap.

This flap, however, is much more widely and less deeply

emarginate than in P. larvatus.

In Arctogalidia the cartilaginous ridges of the ear resemble in

a general way those of Paradoxurus larvatus, but there is a

distinct though small ridge on the outer side of the antitragus.

The bursa, however, differs in one or two points. The margin
of its anterior rim is not so deeply or abruptly excised, and its

posterior rim is continuous above with the rim of the ear and
does not arise behind it as in that genus. Hence the orifice of

the bui'sa is more closed, and its posterior wall does not form
a flap freely movable on its base of attachment. In other words,

the bursa in Arctogalidia is more like that of Viverricida malac-

censis and Civettictis civetta than of Paradoxurus larvatus and
Genetta.

In Nandinia hinotata the inner of the two anterior carti-

laginous ridges diflers from that of Paradoxurus larvatus and of

Arctogalidia in the larger size and angular shape of its two
processes. As in Arctogalidia, the antitragus carries an external

ridge. The bursa resembles that of Paradoxurus, Arctictis, and
Genetta in the origin of its posterior flap from the back of the

pinna, but the angular excision of its anterior flap is shallower

than in Paradoxicrus, but deeper than in Arctictis.

From the foregoing account it will, I think, be clear that it is

impossible to make use of the ears in diflferentiating the Yiverrinaj

from the Paradoxurinas. Nevertheless, within the limits of these

two subfamilies the structure of these organs, and especially of

the bursa, will probably be found useful for distinguishing

genera.

I am quite unable to surmise what meaning is to be attached

to the variation in the structure of the bursa, by which the

genera above discussed may be grouped as follows :

—

a. Posterior flap of bursa arising above behind the rim of the

pinna Genetta, Paradoxurus, Arctictis, Nandinia.

h. Posterior flap of bursa continuous above with the rim of the

pinna Viverricula, Civettictis, Arctogalidia.

Since the condition of the bursa found in Canidfe, Felidfe, and
some of the Arctoid Carnivora is the same as that described

under heading a, this condition is probably the primitive one.

Probably, also, the condition described under heading b is the

beginning of the suppression of the bursa, a process which is

completed in some ^Eluroid and some Ai-ctoid Carnivores.

The Perfume -gland and External Genitalia 0/ Paradoxurus.

One of the earliest descriptions of the gland and genitalia of

Paradoxurus was published under the name Platychista pallasii

(^= Paradoxurus hermaphroditus) by Otto (Nova Acta Acad. Leop.-

Car. xvii. p. 1089, pi. Ixxiii, 1835). Except in the structui'e of
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Text-fifiuie 6.

JParadoxurus larvatus.

A. Gland and external genitalia of male, gl., glandular area with tlie position of

the right gland dotted in, tile median depression not represented
; p., glans

penis ; sc, scrotum.

{Continued at foot of next pa(je}j
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the penis and its precise relations to the gland, the figure

accompanying the description agrees with my own observations.

A year later Hodgson (Asiatic Ees. xix. p. 77, 1836) described

the perfume-glands of three species referred to Paradoxurus,
namely, hirsutus, 7iipalensis, and lanigerus. According to Blan-
ford the name hirsutus was applied to the two species now known
as niger and hermaphroditus ; nipalensis is a synonym of grayi,

but the species named lanigerus can only be assigned to the genus
with hesitation. By the system of classification now in use, niger

and hermaphroditus belong to the genus Paradoxurus and- grayi

to the genus Paguma ; and I do not doubt that lanigerus is also

a Paguma.
Hodgson detected no difference between the glands of the

species he examined ; and although he examined both males and
females, his desci-iption suggests that the glands in the two
sexes are alike in their relations to the vulva and penis. This,

however, is not the case, as will be explained, since the penis is

situated at the anterior end of the naked glandular area and the

vulva lies near its centre.

Mivart's description of the scent-glands as lying " beneath the

surface of a valve-like antevo-posteriorly directed cutaneous

inflection, more or less naked, and situated between the penis

and testes in the male and analogously in the female," conveys
very little idea of their structure (P. Z. S. 1882, p. 163).

Turner's very brief description of the gland of P. oiiger

(^
= typus) as an oval, flat, naked space at the base of the prepuce,

although wanting in preciseness as to the situa,tion of the gland,

is accurate and intelligible (P. Z S. 1849, p. 25).

The main portion of the gland in the male consists of a pair of

thickened ridges of skin or labia extending between the scrotum
and the penis. These labia form the side-walls of a longitudinal

fossa which is everywhere perfectly smooth ; but the margin and
outer surfaces of the labia are covered with long hair. The
paired glandular thickening, which makes these labia, does not
extend so far forwards as the penis, but a I'im of thickened skin,

naked internally, hairy externally, passes forwards in front of

them and encircles the base of the jDenis like a. collar. The
narrow space between the collar and the penis is highly glandular.

Description of text-figure 6, continued.

B. Transverse section of the glandular area of the same
;
gl., gland of right side

;

i., glandular space bordered by the two labia
; p., penis.

C. Gland and external genitalia of female, cl., clitoris ; I., left labium of gland

folded over glandular area ; a., anus.

D. Same as fig. C, with labia of gland (J.) pulled apart to show vulva {v.) and

narrow labia of vulva [Iv.). a., anus ; cl., clitoris.

E. Transverse section of same behind vulva, gl., gland ; «., glandular space bounded

by the two labia ; v., vagina.
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the secretion having a repulsive odonr. The secretion of the
paired gland has a " mousy " smell and is poured over the naked
skin of the fossa between the two labia. These labia are capable

of being widely separated so that the glandular area may be
flattened, but they are not closely applied and separated merely
by a narrow rima, like the labia of the homologous gland in

Viverra and Genetta *. The glans of the penis is long, flexible,

subcylindrical, weakly grooved below, and beset with recurved
horny papillae. It ends in a styliform pi-ocess.

The arrangement in the female is tolerably similar. The labia

of the gland arise in front on each side of the clitoris and pass

backwards to the anal area. They are naked on the inner side,

but hairy externally as in the male. Anteriorly they lie outside

the hairy labia of the vulva, which lies just behind the clitoris

;

and the labia of the vulva unite posteiiorly and form a low ridge

of naked integument which runs along the bottom of the space

between the labia of the gland and spreads to right and left,

forming a short transverse ridge in front of the anal area. The
labia of the gland can be folded over the vulva and the naked
glandular space behind the clitoris, exactly as in the male the
corresponding labia can be folded over the glandular space behind
the penis; but in the female these labia are not closely applied

as they are in Genetta and Viverra,

The anal area in both sexes is tolerably large and naked as in

Genetta and Civettictis, but the repulsive secretion of the anal

glands is not retained by an annular i^ing of skin as in Viverra

zihetha.

In male examples of Paradoxv.riis niger and P. Jierma'phroditxis

the glandular area closely resembles in its general features that

of P. larvatvs in consisting of a naked, elongated, tongue-shaped
area of whitish glandular integument extending from the scrotum
behind round the prepuce in front. But there is no thickened
collar of skin round the penis and the labia of the gland are

much less pronounced, so that when the thighs are separated the
glandular surface forms no definite median fossa but is almost
flat from side to side. When, however, the inner surfaces of the

thighs are in their normal position and juxtaposed, the right and
left halves of the glandular surface are brought into contact.

The degree of development of these labia may prove to be a
geiieric difference between Paguma and Paradoxurus. At all

events, the conditions described hold good in the case of two
species of each of the genera as recognised by Gray. The penis

of Paradoxurus niger, judging from Turner's description (P. Z. S.

1849, p. 25), resembles that of P. larvatus, and the same
applies to the penis of P. hermaphrodittis that I examined.

In a half-grown female of P. hermaphroditus the glandular

area consists of a nearly flat ar-ea of naked skin, without distinct

labia. The vulva lies near its centre, and on each side of the„

* The gland in a living example of P. leucomystax resembles apparently that of
P. larva tus.
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vulva there extends backwards a shallow groove beset with a low
of coarse pores. The anterior end of each groove reaches as far

forwards as the corresponding end of the vulva, but the posterior

end reaches considerably farther back, nearl}' to the hinder end
of the area of naked skin. The low ridges between these pos-

teriorly converging grooves and the vulva are scantily hairy, and
constitute the labia of the latter orifice.

Text-fia;ure 7.

Paradn.rurits hermaphroditus.

A. Gland and external genitalia of half-grown female. gL, anterior end of glandular

area; v., vulva, surrounded bj- short hairs; p., row of secreting pores; a., anus,

B. The same of adult male, gl., glandular area flattened ; p., prepuce at its

anterior end ; sc, scr-otum ; a., anus, with orifices of anal glands.

C. Transvers'e section of glandular area of male. gL, right portion of gland;

p., penis.

This gland differs from that of the female P. larvatus in the

absence of distinct labia, as in the case of the males of the two
species.
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The Perfume-gland and External Genitalia oj Arctictis.

The gland of the male was first described by Cantor (J. A. S.

Bengal, 1846, p. 192), and subsequently by Garrod (P.Z.S. 1873,

p. 200). It resembles that of Paradoxurus larvatus in consisting

Text-fio-ure 8.

Arctictis bintiirmiff.

A. Gland and external genitalia of male, ffl., glandulai- area sliowiug labia and

central depression : p., prepnce. sc, scrotnm ; a., anus.

B. Gland of the female (vulva omitted) ; lettering as in A.

C & D. Transverse sections of the same with the labia of the gland partially

distended and uearlj' in contact, gl., gland of one side ; i., glandular space

between the labia (?.).

of a pair of upstanding labia, hairy externally, smooth internally,

extending from the scrotum up to the penis, and separated by
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a naked fossa wliich becomes gradually shallower towards the
penis. There is no definite collar of skin round the prepuce but
integument, resembling that of the free edge of the labia in

being scantily covered with yellow hair, encircles that organ.

The posterior end of the fossa is partially divided by a low
membi'anous partition when the labia are not widely divaricated.

The penis, which I omitted to examine, was described by
Garrod as follows :

" The glans penis is conical and pointed,

f inch long, and presents round its base several small, dark brown,
hard flattened papillae about yV inch long." From this it may
be infeired that the glans is shorter than in Faradoxurus, has

no styliform termination, and is further distinguished by the

I'estriction of the papillpe to its base, their smaller nvimber and
flattened, unspine-like shape.

The gland of the female does not appear to have been described.

It is \evy like that of the male, consisting of a small longi-

tudinal fossa, with an upstanding labium, hairy witliout and
naked within, on each side of it. As in the male and in

Fctradoxurus, these labia, which converge anteriorly and poste-

riorly, are capable of being widely divaiicated, but they are not

tightly juxtaposed as is the case with the homologous labia of

Viverricida, Genetia, etc. When only partially divaiicated, the

floor of the fossa rises into a low median ridge of skin. The
vulva is situated in front of the glandular area, not near its

centre as in Paradoxurus. The glandular area is thus wholly
perineal as in the Yiverrines.

The Perfume-gland and External Genitalia 0/ Arctogalidia.

The gland in this genus does not appear to have been described.

Temminck and S. Mliller, as Mivart stated, are silent about it.

Hence Mivart presumed the gland to be as in ParadoxiLras

(P. Z. S. 1882, p. 165). On the otker hand Blanford (Mamm.
Brit. India, p. 115, 1888) said : "there is no bald space in front

of the scrotum or around the genital orifice ; hence it is probable

tha,t the prescrotal glands, if they exist, are ill developed."

What material Blanford had whereon to base this opinion

does not appear ; but the concluding sentence of the quotation

suggests that the result of his examination, presumably of dried

skins, was unsatisfactory. At all events his remarks do not

justify Lydekkei''s statement that "there is no glandular tract

in front of the scrotum" (Lloyd's Nat. Hist. : Cats. etc. p. 230,

1896).

I can say nothing about the glaiid in the male, but a female

example identified as A. lexicotis, from Sarawak, has a distinct

though small naked glandular tract in front of the vulva ; or

rather, since the naked integument narrowly encircles the vulva

behind, that orifice, preceded by a well-developed clitoris, may be

described as situated at the posterior end of the glandular area.

The area itself is antero-posteriorly elongated and is surrounded
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laterally and in front by an upstanding flap of quite naked skin

capable of being flattened oat externally and anteriorly, or folded

over towards the middle line to form a pair of elongated labia in

contact throughout their length in front of the clitoris and
vulva.

The part of this naked araa which appears to be specially active

lies just in front of the clitoiis.

Behind the vulva there is a moderately long hairy, non-glan-

dular, perineal tract, so that the anns, situated in the centre of

a small, normal naked space, is remote from the glandidar area.

Text-f]2:ure 9.

Afcto'^alidid.

A. Gland and exteriial gertitalia of female, gh, secreting area of gland ; ?., partially

distended upstanding; labia surrounding it. cl., Clitoris ; v., vulva ; a., anus.

B. Lateral view of tlie same ; lettei'ing as in A.

C. Glandular area showing the kbia folded in front of the clitoris ; lettering as in

A and B.

Since glands are present in both sexes of the genera of

Paradoxurine Viverrids described in this paper, and are better
developed in the males than in the females, it can- haidly be
doubted that the male of Arctogalidia is also provided with a
gland ; but it appears to me to be impossible to foretell whether
the gland of the male will pi-ove to be in front of the penis or
behind it. Pei'haps the balance of evidence is in favour of its
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being prepenial, instead of prescrotal as in Paradoxurus and
others *.

However that may be, the gland of the female Arctogcdidia

differs from that of Faradoxiirus in several respects. In Arcto-

gcdidia the principal secreting ai-ea is the depression in front of

the clitoris, encircled by an upstanding flap of thin skin naked
without and within and appai-ently not specially glandular.

The right and left portions of this flap form two labia confluent

in front and capable of being folded over the glandular depres-

sion, thus meeting in front of the clitoris and vulva. Between
the vulva and the anus there is a tolerably long hairy perineal

area. In the female Paradoxurus the labia are thick, glandular,

and haiiy externally. They are not confluent in front but
arise separately at the sides of the clitoris," pass backwards
on each side of the vulva and extend some distance behind
it, almost reaching the anal area, being separated therefrom
by a very short hairy non-glandular area. When folded over

they meet in the middle line behind the clitoris.

The Perfwme-gland and Exte<i'nal Genitalia of Nandinia.

The gland of the male was described by Flower (P.Z. S. 1872,

p. 684) as follows :
—" Nandinia resembles many of its allies in

possessing a ... cutaneous scent-gland in the form of a longitu-

dinal median depression an inch in length, with tumid naked
margins and looking very like a vulva, situated in the pubic
region immediately in front of the short. Conical reti-overted

hairy prepuce." This descrij)tion is perfectly cori'ect, but it

unfortunately suggests similarity in position between this gland
and that of the typical Paradoxurines.

Ten years later Mivart (P. Z. S. 1882, p. 170, note) made a
similar mistake when he described the gland as " a bald patch,

no doubt glandular^ in the situation of the prescrotal glandular

structure of Genetta" It is quite true that the gland in Nandinia
is prescrotal, but it does not lie between the scrotum and the

penis as in Genetta^ but in front of the penis as Flower stated.

In 1900 Miss Oarlsson (Zool. Jahrb; Syst. xiii. pp. 509-528)
figured and described the gland of the female as a narrow area

of naked skin situated in front of the vulva and ending anteriorly

in a distinct pouch. This had been previously detected by
Noack, who regarded the pouch as the functional homologue of

the marsupial pouch (Zool. Garten, Frankfurt, xxvii, p. 79, 1886).

In a half-grown female Nandinia I found the glandular area

exactly as described by Miss Oarlsson, except that it was separated

from the vulva by a narrow area covered with hair and had
only an indistinct pouch at its anterior end. It consisbed of an
elliptical patch of pale naked skin, with the anterior rim slightly

* If this proves tO be so; a good case miglit b6 irlade out fcir severins Nandinict,

and Arctogalidia from the Paradoxuriilaj as a separate subfamily Nandiniinse.
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raised. Probably as age advanced, the pouch would have been
developed and possibly the area would have extended backwards
to join the naked skin surrounding the vulva. The skin over-

lying the gland was thin, and the secretion was brown in colour

and strone- in odour.

Text-fiQuve 10

Nandinivi hinotata.

A. Gland and extefnal genitnlia of adult male, c/l-., glandular area, flattened:

-p., prepuce surrounded by short liair ; sc, scrotum coucealing aims.

B. The same with labia of gland folded in frout of prepuce ; letterini.-; as in A,

C. Transverse section of gland in front of peni«.

D. Glans penis, its dorsal side uppermost.

£. Gland and external genitalia of young female, gl., glandular area; n.. vuU'Sj

a., anus.

In the adult male the naked glandular area extends from the

scrotum a long way in advance of the penis, which is situated

near its posterior end, only a little in advance of the scrotum.

Close to the penis on each side there are some hairs, sometimes
forming a definite crest, sometimes more numerous and less

regularly arranged. Sometimes there are also a few hairs j"ight

in front of that organ, but for the rest of the area ib is quite

smooth. The anterior half of the area expands and forms,

when the gland is flattened out by the separation of the thighs,

a shallow subcircular depression with tumid margins ; but when
the thighs are juxtaposed the right and left halves of the area

approach, or nearly meet, across the middle line, being separated

by a moderately deep fossa the widtli of which depends upon the
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degree of approximation of the right and left halves of the area.

When its margins meet in front of the penis, these present the
appearance, described by Flower, of two naked ridges of skin

running forwards from the penis.

In longitudinal and transverse sections the gland is seen to

consist of a comparatively thin layer of dermal cells, of tolerably

uniform thickness transversely but gradvially inci-easing in thick-

ness from behind forwards. The secreting cells are not
differentiated into a right and left thickening as in Paradoxurus,
Arctictis, and the Yiverrines. The prepuce is hairy, and the
glans of the penis is quite short, a little expanded and rounded
distally, and without spicviles.

General Conclusions with regard to the Perfuone-glands.

From the account here given it is clear that the gland in the

Paradoxurines varies greatly in position in the genera discussed
;

but it is interesting to note the gradation in the situation it

assumes, especially in the female. In Arctictis it is entirely

perineal, lying between the anus and the vulva as in Genetta,

Viverra, etc., and in Hemigalus and Cynogale, although differing

structurally from the gland in those genera. In Paradoxurus
the glandular area passes anteriorly in front of the perineum, so

that the vulva lies near its centre. Nevertheless, the labia of

the gland, as in Arctictis, fold over behind the vulva and clitoris.

In Arctogalidia the external genital organs are situated quite at

its posterior extremity, the secreting area being in front of the

clitoris and the labia also folding anteriorly to it. In Nandinia
the gland is altogether in front of the vulva and disconnected

from it. Thus Nandinia and Arctictis stand at the tAVo

extremes.

In the males the differences between Arctictis and Paradoxurus
on the one hand, and Nandinia on the other, are equally well

marked, but the link in the chain of gradation is wanting,

possibly owing to our ignorance of the gland in this sex of

Arctogalidia.

Another point to consider is which of the two conditions pre-

sented respectively by Arctictis or Paradoxurus and Nandinia is

the more primitive. I incline to the opinion that the latter is

the derivative type ; and for this reason—the position of the

prepuce considerably in advance of the scrotum is the condition

occurring in the Canidje, Procyoniclse, and Ursidfe, which are the

most generalised, on the whole, of existing Carnivores. It also

obtains in the ^luroid Cryptoprocta. In the Pinnipedia, too,

the prepuce is situated a long way in advance of the anus, close

to which the scrotum was probably placed before its suppression.

On the other hand, the position of the penis just in front of the

scrotum is a character in which Nandinia resembles the Felidse,

which are regarded as the most specialised of all the Carnivora.

The opinion above expressed can only be tentatively held,

Proc. Zool. Soc—1915, No. XXIX. 29
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however, because the prepuce is close to the scrotum in the

Motigooses.

The main features of the glands and external genitalia may
be systematically summarised as follows :

—

Males *.

a. Glands paired, situated behind the prepuce, which lies far in

advance of the scrotum at the anterior end of the naked
glandular tract ; hence the labia of the gland when juxtaposed

meet behind the prepuce. Glans penis long or moderately

long, and spicular.

a'. Glans penis subcylindrical, long, richly spicular, and ter-

minated by a styliform process Paradoxurus.
I'. Glans penis conical, shorter, spicular at base, and without

styliform terminal process Arctictis.

h. Glands unpaired, situated in front of the prepuce which is

close to the scrotum : hence the labia of the gland when
juxtaposed meet in front of the prepuce; glans penis quite

short and unarmed Nandinia.

Females,

a. Glands paired, behind and sometimes partially alongside the

vulva ; labia of the glands whert juxtaposed meeting behind

the clitoris and vulva;

n'. Vulva in front of the ]arge naked glandular area Arctictis.

b'. Vulva near the middle of the naked g'landular area, the

secretory area extending behind and alongside the vulva ... Faradoxurus.
h. Glands unpaired, secreting area altogether in front of the

vulva ; labia of the glnndular area, when juxtaposed, meeting
in front of the vulva,

a^. Vulva situated at the posterior end of the naked glandular

tract which is bounded laterally and in front by up-

standing labia Arctogalidia.

h-. Vulva separated from the naked glandular tract which has

a pouch-like depression at its anterior end Nandinia.

Considered collectively the glands of these genera differ from

those of the Yiverrinse in the following particulars :—In the

Viverrines the labia of the glands are hairy without and within

and form a pair of tumid masses usually closely juxtaposed or as

in Viverra zibetha, where they are divergent behind, confluent in

front behind the prepuce. In no case does the glandular area

extend in front of the prepuce or of the vulva, nor does it ever

form a flattened nailed area covered all over with secretory

oi'ifices. In the Paradoxurine genera, on the contrary, the labia,

when present as up.standing ridges, are naked within, like the

floor of the fossa between them. They are not closely applied

and can be so widely divaricated in both sexes that the secreting

surface, studded all over with pores, forms a flat or nearly flat

area.

* The glands of this sex in Arctogalidia are unknown.
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In July 1914 the Society purchased from a dealer a bird of

unknown source, recognised by Mr. D. Seth-Smith, our Ciu-ator

of Birds, as being new to our Collection. It turned out to be an
example of Aramus giganteus Bonap., the Limpkin, Clucking Hen,
or Northern Courlan (^r«H^^^.s;r(ciw,s Bartram of the Brit. Mus.
Catalogue, vol. xxiii. p. 238). It is the northern form of the
Courlan of S. America, Aramus scolo2Kiceus , and is a native of

Florida, the Antilles, and Jamaica, somewhat doubtfully accepted
as a distinct species becavise of its larger size, and of the extension
of the white stidpes, confined in the Courlan to the head and
neckj to the back, wing-coverts, and lower parts. The anatomy
of A. scolopaceus has been studied chiefly by Garrod (P. Z. S. 1876,

p. 275) and by myself (P. Z. S. 1901, p. 629). As I could find no
record of the anatomical examination of A. giganteus, 1 took the
opportunity of dissecting the Society's example when it died after

living for a few months in the Gardens ; and as I had formerly
dissected A. scolopaceus along with an example of the Kagu
(jRhinochetas kagu), I renewed the comparison, by dissecting at

the same time another example of the Kagu.
It may be convenient to state at once the general conclusion,

that, so far as anatomical characteis are concerned, A. giganteus
resembles A. scolopaceus very closely indeed. It would not have
surprised me to find such slight differences as I noted between two
individuals of the same species. I do not suggest, however, that
the two species should be merged. The more experience I gain
of avian anatomy, the more I am convinced that sj^stematists

are well advised when they rely, at least with regard to the
discrimination of species and genera, more on those superficial

characteis that they can observe in the series of museum
collections, than on the uncertain indications aftbi'ded by the
presence or absence of this or that muscle.

29*
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Pterylosis.—An aftershaft is present. There were ten primaries,

the most distal being smallest, each covert, as usual, being

placed distally to each primary. Dr. Gadow (Vogel, in Bronns
Thier-Reich, p. 79) states that there are 11 in Aramits, but in

some examples of ^. giganteus and A. scolopaceus which I examined

with Mr. W. R. Ogilvie-Grant at the British Museum (Natural

History) we found only 10. There are also only 10 in Eurypyga

and Rhinochetus. The carpal covert is rather smaller than the

carpal remex, and crosses it in the fashion that the secondary

coverts cross the secondary quills. A minute plica ties the

carpal remex to the most distal secondary quill, and the general

disposition bears out the view urged by Degen and myself that

the carpal feathers are in series with the secondaries, not with

the primaries. The wing is aquintocubital ; the diastaxic gap

is wide and is occupied by a covert in the normal fashion.

The oil-gland is tufted, and there are twelve rectrices.

The disposition of the feather-tracts, as in ^. scolojyaceus, agrees

very closely with Nitzsch's account of Psophia.

There were very thick clumps of down on the back, especially

on the rump. In the fresh condition these gave off some powder,

but detailed examination did not show the presence of true

decomposing down. The distribution of powder-downs amongst

birds is, as is now well known, far too irregular to be of use in

systematic classification.

There are no webs between any of the toes, and the claw of the

third digit is unsymmetrical, forming a scoop, slightly notched,

but not constituting a definite comb.

Viscera.—Both carotids are present. The trachea is uncon-

voluted ; the riiags are highly ossified, and the normal pair of

extrinsic muscles and the intrinsic muscles are both present.

The configuration of the alimentary tract is of the generalized

type that I have shown (Trans. Linn. Soc, Zool. vol. viii. p. 173,

1901) to underlie the patterns displayed by Charadriiform and

Gruiform birds. The duodenum is a long and narrow loop

;

Meckel's tract is suspended at the circumference of a nearly cir-

cular expanse of mesentery ; between the duodenum and Meckel's

diverticulum there is a single rather wide loop ; the diverticulum,

which is large and prominent, is placed on the distal limb of the

moderately long axial loop, and the distal portion of Meckel's

tract is thrown into thi-ee or four rather irregular short loops.

The cfeca are functional, of moderate length, and slightly

expanded towards their extremities. The rectum is straight and

rather wide. A ganglionated sympathetic nerve chain passes

round the mesentery, bending a short way into the more

important loops. I have to add to the deso'iption I gave of

A. scolopaceus that there are two bridging veins from the

duodenal loop to the distal part of Meckel's tract. The example

of A. scolopaceus that I examined had been preserved in spirit,

and very likely I overlooked the presence of bridging veins.

From the evidence afforded by this example of A. giganteus, which
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I examined before it had been hardened b}^ spirit, I should place

the pattern of AramiijS definitely on the Gruiform stem, rather

than at the branching of the Gruiform and Charadriiform

stems.

Muscular Anatomy.

CiicuUaris.—The cervical portion is much feebler than in

Rhinochetus, but its posterior edge nearly meets the anterior edge

of the I'homboideus externus.

Rhomboideus externus.—A continuous thin sheet of muscle,

distally leaving uncovered a good piece of the rhomboideus
profundus, and proximally stretching far anterior to it. In
Rhinochetus the arrangement is similar, but the muscle thins out

in the middle region and becomes much thicker in front,

Rho7nboideus2Jroftondus.—-This reaches to the extreme distal end
of the scapula and extends forwards almost the whole length of

the scapula ; it is much thicker than the superficial muscle.

Latissimus dorsi metapatagialis.—This slender muscle is

present, lying just under the skin, superficial to the latissimus

dorsi posterior and inserted into the skin underlying the humeral
feather-tract. It appears to have similar relations in all the

Gruiform birds.

Latissimus dorsi anterior and I. d. posterior.—These two
muscles are well developed, but do not touch at origin or

insertion. The tendinous insertion of the posterior division is

just deep of, and in contact with, the anchor of the anconteus

humeralis ; its origin is enormous and is partly from the ilium.

In Rhinochetus the origin from the ilium is smaller, and although

the insertion of tlie posterior division has similar relations with

the anconseus anchor, it is just in contact with the proximal edge

of the fleshy insertion of the anterior division. In the Crane the

two divisions, especially the posterior, are relatively narrower and
do not touch at origin oi* insertion.

Serrati.—-The s. superfic. metapatagialis is large, aiiising only

from the ribs without fibres from the scapula, and is inserted to

the skin under the dorsal feather-tract. The s, superfic, anterior

is a narrow slip arising from one rib and is inserted by a flat

band to the scapula between the two divisions of the sub-coraco-

scapularis. The s. superfic. posterior is strong, arising from, two
ribs with their uncinate processes, and passing to the posterior

inferior border of the scapula. The s. pi'ofundus is in a series of

strong separate slips.

Scapuli-humerales antei'ior et p>osterior.
—

"^fhe posterior muscle

{teres major) is large and is pierced by the expansor secvindariorum.

I found no trace of the anterior mviscle, although Fiirbringer

states its presence in A. scolopaceus, and in the example of that

bird which I dissected I noted a few fibres representing it. It

is absent in Rhinoclietus.

Deltoides propatagialis.—A rather narrow muscle, not divided

into two peaks. It gives rise to the brevis and longns tendons
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after a very short common course ; tlie brevis tendon is very

broad and gives oft' a distinct distal slip (gamma of Fiirbringer),

a median patagial fan, and a separate proximal slip (alpha of

Fiirbringer). There is no I'ecm-rent anchor to the longus tendon.

The longus tendon is doubled at the elastic part and receives the

whole of the biceps patagial is, the tendon of which is very short.

The pectoralis patagialis is large and runs to the patagial tendon,

where it divides into longus and brevis slips. The condition in

RhinocheUis is as I have already figured {loc. cit. text-fig. 76),

except that the alpha and gamma divisions of the brevis were

rather better separated.

Deltoides major et minor.—The major is a strong muscle reach-

ing down to the end of the third quarter of the humerus ; it is

shorter in Rhinochetus. The n^iinoi% as in other Gruiform birds, is

quite separate, and is inserted to the other side of the insertion

of the pectoralis minor.

Pectoralis thoracicas.—A very strong muscle with a feeble

fibrous anchor to the humerus, and a single elongated tendinous

insertion. In Rhinochetus the miiscle is similar, except that it is

narrower, in association with the shallow keel of the sternvim.

Supra-coracoideus {^pectoralis minor), coraco-hrachialis extermis,

coraco-hrachialis iniernns, and suh-coraco-scapularis.—Practically

identical in their relations in the two species of Aramus and in

Rhinochetus, except that in Rhinochetus the coracoidal origin of

the last-named muscle is relatively verj^ much larger.

Anconaeus.—The humeralis division, as in the vast majority of

birds, is a stix)ng muscle arising froiar the greater part of the

humerus, and is cleft proximally. The scapular head, in addition

to the stout anchor to the humerus described in connection with

the latissimus doi'si muscles, has the origin from the scapula

forked in Aramus, simple in Rhinochetus. The anconteus caput

coraeoideiim (expansor secundariorum) in Aramits presents the

arrangement described as " ciconine " by Garrod ; that is to say,

it arises in the axilla from a triangular ligament which passes

into a stout tendon running to be inserted to the proximal

secondary quills. I have already stated (P. Z.S. 1901, p. 645)
that this arrangement is usual in Gruiform birds, but that I

found the muscle feeble, although present, in Rhinochetus and
Eurypyga. In the example of Rhinochetus which I used in the

dissections I am now describing, I found no trace of the expansor

secundariorum in either of the wings. This may serve as

another of the many warnings against attaching systematic value

to the absence of an anatomical strvicture, as it may have been
lost independently by different descendants of a common
ancestor.

Biceps hrachii.—In Aramus the acrocoracoidal portion of the

muscle gives rise to a tendon which, although closely associated

with the humeral poi'tion, can be traced separately to the ulna,

the humeral portion going to the radius. In Rhinochetiis the
division of the tendon of insertion to the radius and ulna is
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forked at the extreme distal end. The peculiar accessory head of

the biceps, first noted by Beddard (P. Z. S. 1891, p. 14) and
confirmed by myself (P. Z. S. 1901, p. 639) from dissection of

another example of Rhinochetus, was doubtfully represented in

the present example, an old and excessively fat bird, by a lump
of fat and fibrous tissue-

Ilio-tibialis internus {sartorius),—As in other Gruiform birds,

rather easily separable from the ghitseus maximus,
lUo-tibialis (glutceus maximus).—Tins large muscle, with rather

weak median and very strong post-acetabular portions, had the

disposition found in Gruiform birds generally,

Ilio-trochanterici posterior, anterior, and medius, were all

distinct and well developed as in other Gruiform birds, but the

small median muscle {glutceus qtcartus) was absent in ^4, giganteus

as in A. scolo^Jaceus ; in the present example of Rhinochetus it

was just sepai'able.

Caibd-ilio-femoralis {femoro-caudal and accessory).—The femoro-

caudal was absent in A. giganteus as in ui. scolopaceus, present

but small in Rhinochetus ; the accessory wa« large, but with an
area of tendinous degeneration in A. giganteus, precisely as in

A. scolopaceus, absent in Rhinochetus.

Ambiens.—Present in both A. giganteus and Rhinochetus, its

slender tendon, after passing round the knee, i-eceiving a strong

anchor from the head of the fibula.

Caud-ilio-f,exorius{seinitendinostis s,n(}i accessory semitendinosus).

Ischio-Jlexorius {semimemhranosus). Gastrocnemius, middle, or

posterior femoral head.—For convenience, to explain the in-

teresting relations of this group of muscles, I have repeated here,

as text-figures 1-4, the text-figures 81-84 in my paper on

Gruiform birds already published in the Proceedings of this

Society (P. Z. S. 190i, pp. 650-651). In A. giganteus, as in

A. scolopaceus (text-fig. 2), the semitendinosus (C.I.L. 2) is wide,

but not so large as the semimembranosus (I-F.), except -^owards

its insertion, whereas in Rhinochetus it is enormous, much
larger than the semimembranosus. In A. giganteus the accessory

semitend. (C.I.L. 2) is a broad triangular muscle, meeting the

semitend. in an oblique raphe, exactly as in A- scolopaceus (text-

fig. 2), and then running down to joiri the middle head of the

gastrocnemius, which it covers ; the semimembr., also as repre-

sented in that figure, sends a slip to the conjoined semi-

tendinosus and accessory semitend., and passes on to the tibia

by a flat ligament (A, 2). There was also a thin flat ligament

from the semitend. raphe to the tibia, which I did not find in

A. scolopaceus, but which I found in Rallus (text-fig. 1, A. 1).

The condition of this group of muscles in the example of

Rhinochetus that I am now describing, corresponded, except in

one importaiit respect, with what I found on a former occasion

and described as resembling the condition in Otis (text-fig. 3).

The semitendinosiis, accessory semitend., and semimembranosus

unite to form a flat tendon of insertion to the tibip, (A. 2) plainly
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Text-figure 1

FfM-mi

Text-figure 2.

Kuee-muscles of Hallus longirostris. Knee-muscles of Aramtis seolopaceus.

Musculature of knee ; right leg, internal view.

FJSM.-TIB.-I. Internal separate slip of femoro-tibialis (vastus internus).

-IT. Ligament from femur to tibia.

F.I.F. Pub-ischio-femorales (adductors).

C.I.L. Caud-ilio-flexorius. C. I.L.I. Femoral insertion of caud-ilio-flex-

orius (accessory semitendinosns). C.I.L. 2. Seniitendinosus.
I.F. Ischio-flexorius (semimembranosus).
A. 1. Anchor to tibia of C.I.L.
A. 2. Anchor to tibia of I.F.

Gc. 1. External femoral division of gastrocnemius.
Oc. 2. Internal femoral divison of gastrocnemius.
Gc. 3. Tibial division of gastrocnemius.
SOL. Soleus.

In text-figure 2 the caud-ilio-flexorius has had a piece removed to exhibit
the deeper lying Gc. 2.

The tendinous areas are dotted.

Text-figure 3 Text-figure 4.

Knee-muscles of Otis tarda. Knee-muscles of Seliornisfwlica.

Description and lettering as in text-figures 1 & 2.
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identical with the tendon of insertion of the semimembranosus
in Aramus and Rallus. This tendon arises from the semiten-

dinosus raphe, and the muscvdar bellies pass under it, meet a

separate muscle (text-fig. 3, Gc. 2) arising from the femur just

proximal to the accessory semitendin., and form a strong tendon
that joins the common tendon of the gastrocnemius. A glance

at text-figures 1, 2, and 3 will show that this muscle, marked Gc. 2,

appears to be present in Rcdlus, Armnus, Otis, and Rhinocheius,

but that in the two former it is fused along its edge with the

accessory semitendinosus, whilst in the two latter it is fi-ee. If,

then, we identify the muscle marked Gc. 2 in text-fig. 3 with tlie

middle head of the gastrocnemius, it seems a sufficient statement

of the facts to say that the middle head of the gastrocnemius in

Rallus is either absent, or fused with the accessory semiten-

dinosus. But in both species of Aravius, although the accessory

semitendinosus is sufficiently broad to pass both for itself and a

fused ralline-like middle head of the gastrocnemius, there is, in

addition, a distinct middle head (text-fig. 2,Gc. 2) apparentlyabsent

in Rallies. In Fsophia, the middle head of the gastrocnemius is

double, one portion corresponding with the Gc. 2 in text-fig. 2,

another with the Gc. 2 in text-fig. 3. In my paper already cited

(P. Z. S. 1901) I stated that the external head of the gastro-

cnemius in Otis was trifid, one of the three origins passing under
the biceps. I do not doubt but that the latter is morphologically

identical with the slip marked Gc. 2 in text-fig. 2. In the example
of Rhinocheius that I am now describing, I found precisely the

same condition ; not only is the Gc. 2, represented in text-fig. 3,

present, but there is also a separate middle head corresponding

with the Gc. 2 of text-fig. 2. Dr. Beddard (P. Z. S. 1891, p. 16)

has published a description and an incompletely lettered figure

of the gastrocnemius and its relations in Rhinocheius. Although
his description is difficult to follow, as it omits reference to the

tibial head of the gastrocnemius which, so far as I know, occurs

in all birds, and refers to a head "formed by a broad flat tendon

to the head of the fibula,'' a disposition which is at lenst abnormal
in Avian anatomy, I infer that the arrangement of the gastro-

cnemius in the example of Rhinochettis that he dissected was
identical with that which I describe here.

For some time I have been collecting notes on the various

fashions in which the middle head of the gastrocnemius and the

accessory semitendinosus aie disposed in birds, but I do not wish

to offer these results for pviblication until I can present a fairl}^

complete picture of their distribution in the Avian system. Dr.

Gadow {Vogel, in Bronn'sThier-Reich, p. 184) distinguishes three

conditions of this complex: (i.) when the accessory semitendinosus

cannot be separated from the middle head of the gastrocnemius
;

(ii.) when both muscles are present but quite distinct except in so

far as they may be connected by secondary tendons
;

(iii.) when
the accessory semitendinosus is absent but the middle head of

the gastrocnemius present. This grouping will not contain all the

facts ; there is a condition, as in Rhinochetics and Psophia, which
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corresponds with Gadow's second gi'oup, except that there is, in

addition, a second distinct middle gastrocnemius.
Gastrocnemius, external femoral head, and internal tibial head.

Ilio -fibularis {biceps, with sling and anchor). Soleus.—All these
presented no peculiai'ity, and were similar in the two species of

Aramus and in Rhinochetus.

Pub-ischio-femorales (adductors).—I]i all three birds both were
present, without trace of tendinous degeneration, and, as in most
Gruiform birds, the internal muscle was much stronger and wider
than the external muscle.

Ischio-femoralis (pbdurator externum), ohdurator (obdarator

internus) ; accessorii obduratot^is.—With regard to these muscles,

I have to note only tliat the obdurator externus was notably
small in A. giganteus, and that the area of insertion, to the shape
of which Garrod attached importance, was markedly triangular

in that bird, as in ^. scoloj^aceus and in Rails and Cranes. It is

much more oval in Rhinochetns.

Peroneus suj^erficialis ivnA 2yeronei(,s 2Jrofundus.—In both species

of Aramus &nd in lihinoclietus the superficial muscle is the more
important, with a broad superficial origin, extensive origin from
the fascia of the adjacent muscles and, in Aramus, almost no deep
origin, but a cei'tain amount of it in Rhinochetus. The anchor
to the sustentaculum of the flexor tendons is broad in all three

and shows traces of being broken into separate slips.. The
tendinous slip to the flexor of the third digit is well developed in

all thi'ee bii-ds. The deep muscle is very strong in RhinocheUis,

arising from a large part of the fibula, beginning at the insertion

of the biceps tendon, and from the adjacent surface of the tibia.

It passes in the normal fashion into a flattened tendon running
in a groove under the slip to digit III of the superficial muscle.

In A. SGolopdceus I did not find it, but in A. giganteus it was
represented by a very minute muscular head arising high up from
the fibula opposite the biceps insei"tion, and passing at once into

a most slender ossified tendon, so closely adlierent to the fibula

that, unless it weie specially searched for, it might easily be missed.

It has the usual insertion by a. very thin flattened tendon in a

groove under tlie slip to III. The tendons of both peroneals were
ossified in Aramus, as in many other Gruiform and Limicoline

birds, biit in Rhinochetus there was no trace of ossification. I have
shown, in a former communication to the Society (" The Peroneal

Muscles in Birds," P. Z. S, 1913), that in Gruiform birds there

is a tendency for the deep peroneal to become reduced or to dis-

appear, 60 that it would not be remarkable to find it present in^

A. giganteus and absent in A. .scolopaceus, even if these forms
were not speeifica,lly distinct.

Tibialis anticus ; Exteofisor digitorum communis ; Flexores per-

forantes et 2ierfora,ti of digits II and III.—These muscles ai'e all

]3resent in both sjDecie^ of Aramus and in RhinochetxLS and have
the disposition that is normal in birds generally. The most
notable point of difierence is that in Ai-amus the tendons are all
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ossified, above and below the ankle, and are unossified in Rhino-
chetus. The flexor tendon of digit III is connected with the

perforated flexor tendon of the same digit by a strong slip.

Flexores perfoixiti, of digits II, III, IV.—In all three birds,

as in Gruiform birds generally, there are three heads for this

group of muscles, and fibres from each of the three tendons can

be traced to each of the three heads. The ambiens head is the

tendon of the ambiens muscle, which passes under the biceps

ligament, that is to say, between it and the fibula. The fibidar

or external head arises by a tendon from the fibula, proximal to

the insertion of the biceps and passing superficially to the biceps

tendon. The deep or femoral head is fleshy fiom between the

condyles of the femur.

Flexor longis huUucis.—In all three birds this arises by a

single head from between the condyles of the femur.

Flexorj)rofundtis.—Arises from the shaft of the tibia close under

the fibula. In Aramus the tendons of the deep flexors are nearly

equal in size ; in Rhinochetus the tendon of the longus hallucis is

relatively smaller. In A. giganteus the relations between tiie two
deep tendons are much as I represented in A. scolopaceus {F . Z. S.

1901, p. 654), except that the vinculum to the other deep flexor

is spread over the branches to the digits rather more, as in the

figure of Exirypyga given on the same page. The present example

of Rhinochetus was exactly similar in this respect to the flgure

I have given, also on the same page.

The muscular anatomy affords small ground for separating

A. giganteus from A. scolopaceus. The most notable differences

relate to muscles that are degenerate in the group, and that

might even vary individually—such as the presence of a teres

minor in A. scolopaceus which is absent in A. giganteus, and the

presence of a pei'oneus profundus in the latter species and its

absence in the former.

The muscular arrangements in which the two species of Aramus
agree and differ from Cranes are more numerous, and are in con-

formity with the separation of a sub-family Aramina^.

Osteology.

I have noted only a few osteological points, the s^'stematic

value of which I do not propose to discuss.

Like that of A. scolopaceus, the skull of A. giganteus is strongl}^

schizorhinal ; the lacrimals are not fused with the skull as occurs

in Rhi?iochetus and Limicoline birds. The palate is widely

schizognathous with a long pointed vomer, and the pterygoids

are short, and expanded anteriorly as in Grus. Ako, as in Grus,

there is a pair of occipital foi-amina, and strong descending ex-

occipital processes, both absent in Rhinochettts. The skulls of

both species of Aramus are exceedingly like those of true Cranes,

the likeness extending not only to the larger charaoteivs that have
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been employed in classification, but to the minute configuration

of the bones.

Sternwn.—In Gadow's valuable synoptic table ( Vbgel, in Bronn's

Thier- Reich, p. 79), he states that the external spine is very large

in Grues (in which he includes Aranius) and veiy small in Rhino-

chetus, and that the internal spine is absent in Grues and in Rhino-

chetits. With regard to the internal spine, I confirm his statement

for Cranes, Rhinochetus, and both species of Armnus. The
external spine is certainly small in Rhinochetus, but it was also

Text-figure 5.

Slioulder-girdle articulations in Graiform Birds. I. Balearica. 11. Grus

{australasiana & carwncnlata) III. Aranius cftganteus. IV. BJiinocJietus Icagv..

A. Acracoracoidal process of coracoid. C. Coraeoid. CI. Clavicle. P. Procora-

coidal process of coraooid. S. Scapula.

small in both species of Armnus. In the examples of Grus

that I have examined (G. aitstralasianu and G. carunmdata) the

external spine wa,s very large and hollowed for a coil of the

windpipe. In an example of Balearica, on the other hand, it was

as minute as in Aramihs and RhinocheUts. The sex of the skeleton

had not been noted, but it appears probable that the huge

external spine of Cranes is developed in connection with the
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windpipe, and is not to be regarded as a character of systematic

value.

Shoulder-girdle articulation.—In text-fig. 5 I give drawings of

the relations of the coracoid, scapula, and clavicle, to which
Fdrbringer has paid so much attention in his great monograph on
Birds. Fiirbringer has fi.gured the same structures in the case of

Grus, Psophia, Aranius, Eurypyga, Dicholojjhibs, and Otis (Morph.
u. System, der Vogel, 1888, pi. ii., figs. 40-45). Comparison of his

figures with those that I give here, will show tha.t, within the limits

of Gruiform birds, the characters vary considerably and are difficult

to value for systematic purposes. Balearica agrees very closely

with the figure Fiirbringer gives for Grus, except that the pro-

coracoidal process is not quite so large. My figure of Grus, which
applies equally to G.. atcstralasiaua and to G. carunculata, shows
much closer articulation of the clavicle and scapula than was
figured by Fiirbringer, as well as a smaller procoraeoidal process.

Aramus giganteus diflers from the figure given by Fiirbringer,

possibly for A. scolopaceus, in that the articular end of the clavicle

forms a broad flattened plate articulating with the scapula.

Rhinochetus has a large procoracoid, and very slight articulation

of clavicle and scapula. According to Fiirbringer, Psophia shows
the most complete articulation of scapula, clavicle, and procoracoid.

Systematic Position of Aramus.—I have already shown (P. Z. S.

1901, pp. 629-655) thsit A . scolopaceus fitted naturally with Grui-

form birds, and the examination of A. giganteus confirms this in

every respect.
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32. On the Skull oE an extinct Mammal related to ^'Eluropus

from a Cave in the Ruby Mines at Mogok, Burma.

By A. Smith Woodward, LL.D., F.R.S., V.P.Z.S.

[Received May 25, 1915 : Read June 8, 1915.]

(Plate I.* k Text-figure 1.)
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The rare and remarkable mammal ^Elaropus, now contineil to

the highlands of eastern Thibet, is evidently the survivor of a
group which must havtj had a wide geographical range in compara-
tively modern geological times. It is so completely intermediate

between the Procyonidte and the Ursidte, that it is sometimes
placed in the one family t, sometimes in the other % ; and its

I'elationships to the Pliocene Hijceaarctos are so obvious §, that it

must doubtless be regarded as a somewhat modified survivor of

the common stock from which the Procyonida; and Ui-sidaj have
divei'ged. No closely related fossil forms, however^ have hitherto

heen recoi'ded ; and the recent discovery of a skull of an allied

extinct species is therefore of interest.

The new specimen (text-fig. 1) was obtained from a cave at the

ruby mines, Mogok, Upper Burma, by Mr. A. L. Bacon, and
brought as a gift to the Biitish Museum by Mr. F. Atlay. The
skull lacks both zygomatic arches and the anterior end of the

palate with the incisors and three of the premolar teeth. It

must, in fact, have lain exposed for some time in the cave ; for

the Avhole of the sagittal crest has been gnawed away by a rodent,

evidently a porcupine ||,
and there are similar tooth-marks along

the lambdoidal border and other parts of the occiput. Otherwise
the fossil is well preserved and all its charactei-istic features are
shown.

Althoiigh it is not mineralised, the bone is remarkably dense
and heavy, as in the skull of ^Ehtropus onelanoleucus ^i . Nearly
all the sutures between the elements are closed, and the specimen
represents a fully adult individual, which was slightly larger and
more robust than the described examples of the existing species.

It agrees with the latter in all essential respects, such as the

* For explanation of the Plate see p. 428.

t E. Ray Lankester, "On the Affinities of jEluropus melanoleucus" Trans. Linn.
Soc, Zool.,'ser. 2, vol. viii. (1901), pp. 163-172, pis. xviii.-xx.

X K. S. Bardenfleth, "On the Systematic Position oi ^luropus melanoleucus,''
Mindeskrift tor .Tapetus Steenstrup (1913), art. xvii.

§ H. Winge, E Museo Lundii, vol. ii. (1896), pt. ii. no. 2, p. 62.

11 Similar giiawing: of fossil bones has been noticed by R. Lydekkcr, "The Fauna
of the Karnul Caves," Pateont. ludica, ser. 10, vol. iv. (1886), p. 25.

•y E. Ray Lankester, loc. cit. p. 165.
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Text-fiafure 1.

C^-Woodword

A.-C.

—

yEIureidopws haconi, gen. et sp. nov. ; imperfect skull from the left

lateral (A.), palatal (B.), and upper (C.) aspects ; one-quarter nat. size.

g. Marks of gnawing by rodents, probably porcupines.

D.

—

^hiropus melanoleucus A. Milne-Edw. ; left upper dentition, outer aspect

;

one-quarter nat. size.

pm. 1-3. First, second, and third premolars.
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disposition of the basicranial foramina, the ending of the palate

posteriorly between the last molai-s, the position of the infra-

orbital foramen on the cheek, and the absence of a postorbital

prominence. It differs only in its steeper frontal profile and
certain minor characters. The inner face of the stout mastoid
process, for example, is irregularly ridged, not smooth as in

yEhtropus. The foramen which pierces the inner wall of the
lachrymal pit in the existing species, is behind this pit in the

fossil.

The molar and premolar teeth, so far as preserved, agree closely

with those of JEluropus, and exhibit only a less marked crimping
and less tendency to subdivision of some of the cusps. Except
these features, there is nothing to remark about the molars (PI. I.

figs. 1 A-c, m. 1, m. 2). The upper sectorial (/)??i. 4) is noteworthy
for the simple and robust character of its antero-internal cusp or

protocone. The third premolar (p7?i. 3) is preserved only on the

left side and agrees precisely with that of JiJluropios, but is rela-

tively a little larger. Even in the existing genus the space for

the first two premolars is so short that the double-rooted pm. 2 is

thrust crosswise and pm. 1 is reduced to a single minute cusp

(PI. I. fig. 2) ; but in the imperfect fossil, which does not retain

either of these teeth, the corresponding space is still shorter.

The bone is broken away on the right ; but it seems to be suffi-

ciently well preserved on the left to show that only one single-

rooted premolar originally occupied this position. At least, a
single socket of moderate size fills the whole of the space between
pm. 3 and the canine. The canine (c), broken on the left, but
completely preserved on the right side, closely resembles that of

jEluropus, even to the faint crimping of its posterior keel ; it is,

however, slightly more robust than in the described specimens of

the existing species.

Some of the principal measurements of the fossil, in fractions

of a metre, are as follows :

—

M.
Length from anterior border of nasals to posterior face of occipital cond3'les. 0"25

Maximum width between outer borders of mastoid processes, about 0*18

Maximum width of basioccipital between tympanic bullse 0'043

Frontal width at postorbital point 0"066

Depth of snout from alveolar border above pm. 3 , about 0'075

Depth between alveolar border and beginning of sagittal crest, about 0'135

M. 2—maximum length 0-038

width 0-029

M.l— „ length 0-027

„ width 0-031

Pm.4^- „ length 0-029

width 0-021

Pm.3— „ length 0-023

„ width 0-014

Canine— „ length of base 0-023

width of base 0-016

The fossil from Mogok, therefore, differs essentially from the

skvill of the existing species of yEluro2nos in the shortness and
bluntness of the snout, with the consequent reduction of space

Proc. Zool. Soc—1915, No. XXX. 30
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for the anterior premolars. It remains only to decide whether

these differences are to be regarded as of generic or of specific

value. If the anterior premolars were merely reduced in size,

there need be no hesitation in adopting the latter alternative

;

but as pm. 2 differs fundamentally in having only a single root

while pm. 1 was probably absent, I am inclined to refer the fossil

to a distinct genus, I propose that this genus be named JElurei-

dopus, and defined from ^hiropus by the presence of only three

upper premolars of which the foremost has a simple root. The
species represented by the skull now described may be appropriately

named haconi after its discoverer.

EXPLANATION OF PLATE I.

Pig. 1. ^lureidopus baconi, gen. et sp. iiov. ; left upper dentition from the outer

(A), lower (B), and inner (C) aspects, partly restored from the right side

of the fossil, nat. size ; c. canine; _pj». 2, single socket for second premolar;

pm. 3, 4, second and third premolars ; m. 1, 2, first and second molars.

Fig. 2. ^luropus melanoleucus A. Milne-Edw.; left upper canine (c.) and first to

third premolars {pm. 1-3), lower aspect, nat. size.
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33. Contributions to the Anatomy and Systematic Arrange-

ment of the Cestoidea. By Fkank E. Beddard, M.A.,

D.Sc, F.R.S., F.Z.S., Prosector to the Society.

[Received and Read Maj- 25, 1915.]

(Text-figures 1-6,)

XYII. On Tjenia tauhicollts op Chapman and on the

Genus Chapmania.

Index. Page

Structure of Chapmania tauricollis 430

Systematic position of C. tauricollis 439
Genera of Idiogeninse 441

I obtained, on June 30th, 1914, a large number of examples of

Cestodes from an nAmerican Rhea {Rhea americana) which died

in the Society's Gardens on the previous day. All these worms
were found in the right csecum, and none of them in the small
intestine. As is known, the cajcum is very rarely found to be
inhabited by Oestode parasites, though there are cases on
record *.

From this bird three species of Cestodes have been described.

Of these three, Gittotcenia rhece may be set aside at once as having
nothing in common with the species which forms the subject of

the present remarks. This latter species is identical with either

Tcenia tauricollis oi Chapman or Tcsnia struthionis Houttuyn
among those which have been found in Rhea, or is another
species altogether. Tcenia taioricoUis has been placed in a genus
Chapmania (which is not widely different from Idiogenes), while
Tcenia struthionis is now assigned to Davctinea. In spite of this

generic separation, which depends upon the not at all full descrip-

tion of Davcoinea stritthionis by Parona f and von LinstowJ, I

am by no means certain that they are not actually identical

at least generically,

Davainect struthionis, though found in the Ostrich, is stated by
Fuhrmann § to occur also in Rhea americana ; but the statement
of Fuhrmann is not advanced Avith absolute positiveness ; and it

is only a statement in that no characters of Davcmiect struthionis

are given by him to confirm the identification. The fullest account
of the structure of Dccvccinea struthionis is that of v. Linstow.
Parona's notes give no anatomical detail to speak of. It is prob-
ably therefore to the former paper that the responsibility for

including this species in the genus Dcovainea by all subsequent

* See Bronn's ' Thier-Reich,' Bd. iv. Abtli. 1 b, p. 1625.

t Ann. Mus. Civ. Genova (2 a) ii. 1885, p. 425.

X Arch. f. mikr. Anat. xlii. 1893, p. 447.

§ "Die Cestoden der Vogel," Zool. Jalirb. Suppl.-Bd. x. 1908, pp. 6 and 19.

30*
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authors is to be referred. Yon Linstow himself assigns the worm
to the genus Davainea by reason of the form of the hooks. That
character, however, is now known in other genera—though all of

them of the family Davaineiclse.

Those who have written subsequently upon this species, Da-
vainea struthionis, have probably accepted its generic rank rather

from the remarks of Max Braun than from the facts detailed in

V. Linstow's memoir. The former has pointed out in Broun's
' Thier-Reich '

* that the alleged ovai-y of v. Linstow, consisting of

a number of separate spherical masses, is not indeed the ovary,

but an instance—largely met with in the genus Davainea—
of the " Parenchymkapseln " of German writers, in which the

ripe ova are massed after the disappearance of the uterus (when
that sac is clearly developed in the genus, which would seem to

be not always). Apart from this interpretation of the " ovary "

of v. Linstow and the nature and distribution of the sette

according to v. Linstow, there is nothing in the description of

that writer which would justify the reference of " Tcenia struthi-

onis " to the genus Davainea. It will be observed that there is

therefore no reason to distinguish this worm from Chapmaoiia

tauricoUis, at any rate so far. The detached masses of ripe ova

correspond with what I shall shortly describe in that species,

where the uterus is more or less broken up into partly separate

cavities containing eggs. The general form and size of the species

which has been termed Davainea struthionis, as figured by Paronaf,
is precisely what I have found to characterise the worm from
Hhea americana, which in other ways agi-ees positively with the

descriptions extant of Cha^miania tauricoUis. We have, how-
ever, to assvime, if this identification be correct, that v. Linstow
has missed the paruterine organ. This is, however, not evident

in immature proglottids. I can hardly claim to have proved

specific identity; but I believe it would be difficult on the

facts known to deny generic identity between these two species.

In the meantime, however, I identify the species described in

the present paper with that described by Chapman, Fuhrmann,
and others as Tcenia, Davainea, or Ghapmania tauricoUis. It

reaches a length of fourteen inches or so and has thus much the
dimensions given by Chapman %. It is held that Tcenia argentina

of Zschokke § is the same species. If so, there would appear to

be a discrepancy in that the measurement of length given by
Zschokke is 8-9 cm. I am able, however, to clear up this diffi-

culty. The majority of my specimens agreed with Chapman's in

their dimensions ; but in a few the length was not greater than

8 cm. or so.

The anterior segments of the body form a long tract, which
is very slender and widens out more or less suddenly to the wider

* Bd. vi. pt. ii. p. 1446.

t Ann. Mus. Civ. Geneva (2 a), ii. 1885.

X Proc. Acad. Sci. Philadelpliia, 1876, p. 14.

§ Ceutralbl. f. Bakt. u. Paras, iii. 1888, p. 2.
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(3-4S mm.) posterior region. The most posterior segments are

hardly, if at all, longer than wide. There is no neck.

The figure given by Chapman * of the scolex and anterior

segments is quite in accord with the view that the species

described by himself is that which I regard here as " Tcenia

taiiricollis." He does not, however, figure or make any reference

to hooks upon the rostellum (or, for the matter of that, else-

where). Monticellit, however, in his fuller description, found

Text-figure 1.

S\

.J

Scolex and anterior segments of Cliapmania tauricollis.

s. Sucker.

the hooks, which he described as " minutissimi uncini." It

would not be difficult to miss these hooks ; I find from a note

made by myself upon the living worm that no hooks were seen.

I have, however, closely examined the scolices of two preserved

examples—the only scolices which I possess—and find traces of

the hooks in one individual only. The other specimen was

* Proc. Acad. Sci. Philadelphia, 1876, p. 14.

t Nat. Sicil. xii. 1892-3, p. 208.
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devoid of hooks. The one Avhich showed them only possessed

a few, which needed a high-power lens and good illumination to

show them up. It seems to me that they may easily be shed.

I am quite unable to make any statement as to the shape of

these hooks. They appeared to be little more than acicular in

form, like the hooks of the suckers in some Davainea. The
feebleness of the rostellar hooks seems to me to be related to the
little marked character of the rostellum in this and other forms.

I may remark that there is no reason to believe that the present

species has any hooks upon the suckers *. I shall return later to

the questions of systematic arrangement which depend upon the
presence of hooks in connection with the genera ZscIiohJceella and
Inermica'psifer and some others.

In spite of the fact that Chapman described the genital pores

of his species as alternating irregularly, the genus Chapmanicif

has been defined by some subsequent writers as unilateral, at any
rate in the particular species Chapmania tauricollis f. Chapman
himself remarked that five pores might follow consecutively upon
the same side of the body. I have seen ten segments in series

with the genital pores all upon the same side. It is therefore

obvious where the error may have crept in. The genital pores

lie at about the middle of the lateral border.

I shall now deal with a few points in the internal structure of

this Cestode.

The cirrus-sac does not seem to me to have been fully described

by Fuhrmann. The cloaca genitalis, as he has pointed out, is

deep and expands within the cortex in a funnel-shaped way.

Into the middle of this funnel opens the cirrus-sac, and through
it projects often the protruded cirrus. The cirrus-sac appears to

consist of two distinct regions, or it may be, as I shall point out

later, that the cloaca genitalis consists of two distinct regions. In
any case a bottle-shaped sac opens into what is unquestionably

the cloaca genitalis, the neck of which " bottle " is much shorter

than the rest. This relatively narrow tube has muscular walls

quite continuous with those of the rest of the cirrus-sac, and in

it lies the cirrus, which nearly fills up its lumen in cirrus-sacs,

which are in an average state of protrusion of the cirrus. The
rest of the cirrus-sac extends into the bodj^of the worm some way
inwards of the lateral water-vascular tube and ends in a retractor

muscle, as has been described by Fuhrmann, The flask part of

the cirrus-sac is divided from its nari-ow neck by a sphincter-

muscle, Avhich forms a collar within the lumen of the sac, and to

the inside of this a fan-shaped bunch of muscular fibi-es, provided

with nuclei at their internal ends, further blocks the lumen and

* Fuhrmann, however (Rev. Suisse Zool. iv. 1896, p. Ill), not only refers to hooks
upon the rostellum, but speaks of having seen the evidence of hooks upon one
sucker. The definitions of the genus Chapmania given b}' Fuhrmann and Ransom
do not use hooks upon the suckers as a character of that genus.

1 1, e., Ransom, ]?roc. U.S. Nat. Mus. vol. xl. 1911, p. 637. Also used as'a character

oi"Teenia arqentina" (believed to be sj'nonymous bj- Zschokke, Centralb. Bakt. u.

Paras, iii. 1888, p. 1).
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serves, as I imagine, as a retractoi' of the cirrus. The vagina
opens at the junction of the neck and. the flask-shaped region, a

fact which rather tends to prove that the neck region really

belongs to the cloaca genitalis, unless it be remembered that the
male and female genitalia have really a common origin and are

parts of a single sytem. The various facts to which attention

has been called are illustrated in the accompanying figure of the
cirrus-sac and its external orifice (text-fig. 2),

Text -figure 2.

L

:^-4
I

:-> <
^_

^

Horizontal section througli cirrus-sac.

In the lower figure the junction of the two parts of the cirrus-sac is shown
more highlj^ magnified.

g.c. Genital cloaca, c. Cirrus, v. Muscular valve-fold separating the narrow
part of the cirrus-sac from the wider region. I. Water-vascular tube.

The earliest appearance of the xitenis is represented in text-
fig. 3. It is there seen to consist of a modified tract of medullary
tissue lying anteriorly to the male and female gonads, at about
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the middle of the proglottid and on a level with the cirrus-sac.
It forms a nearly straight line about the middle of the proglottid,
wider in the middle of its length and tapering off to the side of
the proglottid remote from the cirrus-sac, in which direction it

does not reach the lateral water-vascular tube. At the other end
the growing uterus is limited by the cirrus-sac and the coil of the
vas deferens. In the lateral, most immature part of the uterus
that oi'gan appears to be formed by only a very slight modification
of the medullary tissue. There is simply an increase in the
number of the nuclei, which are thus closer together and become
more conspicuous.

Text-figure 3.

vf.

Horizontal section throngh immature proglottid, to illustrate earliest appearance

of uterus {ut^. ov. Ovea-y.

In the more central parts of the uterus at this stage, which, as

already said, is wider, the nuclei are more abundant, both actually

and relatively. Between them cavities appear, all of them small

but of varying sizes ; the dimensions of some coincide very closely

with the meshwork of the general medullary parenchyma. The
nuclei, at least in many cases, are arranged round these spaces in

a regular fashion and thus constitute a lining epithelium to these

uterine cavities.. The several cavities are separate from each other

in this early formed uterus. Fuhrmann * has observed the same
mode of origin of the uterus of Chapmania tauricollis, and
remarks :

" Anfangs erscheint der Uterus gekammert."
In later stages there is a confluence of these ca.vities, and in

the fully developed uterus such as is represented in text-fig. 4,

the uterus appears to consist of a larger central cavity which is

prolonged in all directions through the medullary parenchyma
into outgrowths. I am disposed to think that these latter inter-

communicate and form a network. In horizontal sections near

to the dorsal and ventral surfaces of the uterus the retiform

appearance is very strikingly manifested. In transverse sections

* Rev. Suisse Zool. iv. 1896, p. 121.
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through the mature uterus the appearance of a number of detached

cavities containing ripe eggs is often presented. It is, perhaps,

this condition which has led to the explanation by v. Linstow *

of the clusters of ripe eggs seen in " Tcenia strittJiionis."

Text-figure 4.

-i/t.

Ca.,

-Pa.

Horizontal section through mature uterus, showing opening into parutcriue

organ.

Ca. Mass of .calcareous bodies at orifice of uterus, l. Lateral water-vascular tube.

Fa. Paruterine'organ. Ut. Uterus.

The paruterine organ of this species has been figured by

* Arch. mikr. Anat. xlii. 1893, pi. xxviii. fig. 14.
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Zschokke* in the course of his description of " Taenia argentina^^

but mistaken by him for a testis, with which identification

Monticelli associated himself f. Fuhrmann % recognised the true

nature of this body, which was certainly puzzling at a time

when the paruterine organ, now known in so many Cestodes^

was hardly or not at all understood. Zschokke has rightly called

attention to the mass of calcareous bodies lying behind the

anteriorly placed paruterine organ. The first beginnings of this

oi-gan are not plain to me, so little difi'erentiated are at fii"st its

tissues from that of the medullary parenchyma of which it is a

part. But I feel safe in saying that it does not put in an
appearance for some time after the uterus has commenced to

develop. I mention this matter as being of importance, since in

the species Rhahdometra cylindrica the paruterine oi'gan appears

before the uterus. There is thus in the present species no
obvious connection in development between the two organs. The
paruterine organ in a fairly eai'ly stage of development lies, as has

been stated, anteriorly in the segment and quite close to the

anterior edge of the uterus, which is behind it. This surface of

the paruterine oi'gan is capped by a rather dense mass of calcareous

bodies. The calcareous bodies are not, however, confined to

this region of the paruterine organ, or rather to the outside

of it ; they also occur scattered throughout its substance, but

not in such great numbers and not, where present, so closely

pi-essed together. The general outline of the paruterine

organ in these not fully mature segments is shown in horizontal

sections to be somewhat conical, but with a rather convex base,

the latter being anterioi' in position.

It is, furthermore, to be noted that the paruterine organ is very

closely related to the uterus, which lies behind it. The mass of

calcareous bodies and the margin of the mass forming the

immature parutei'ine oi'gan are divided by nothing from the

uterine cavity. The viterus, that is to say, has no anterior wall

save that which is furnished by the paruterine organ. There

is thus a distinct relationship between the utervis and the

paruterine organ. At this period in its development the

paruterine body is solid throughout ; there is no trace of a central

cavity. In proglottids at the end of the body, which are rather

longer than broad and apparently quite mature, the paruterine

body has the appearance which is represented in the accompanying

figvire (text-fig. 4). This is a representation of a horizontal

section showing the paruterine body rather oblong in form with

rounded angles. It is sharply marked oif from the parenchyma
of its proglottid laterally. Posteriorly it is not marked ofi" from

the cavity of the uterus, that is to say the uterus has no wall of

its own dividing it from the paruterine organ. The tAvo structures

indeed seem to be mutually difierentiated parts of one structure.

* Centralb. f. Bakt. u. Parasit. iii. 1888, p. 1.

t Nat. Sicil. xii. 1892-3, p. 208.

J Eev. Suisse Zool. iv. 1896, p. 122.
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The paruterine part is about one-third of the total length of the

egg-holding receptacle. The walls of the paruterine body are

thick, and the fibrous-looking tissue has the strands running
along the greater length of the body. Externally it is plainly

marked off from the tissue of the medullary part of the proglottid.

The mass of calcareous bodies is as plain here as in the younger
paruterine organ ; but it has got a more definite coherence of its

own ; the corpuscles are imbedded in a tissue which forms a cap

to the paruterine organ and protrudes into the cavity of the

uterus behind. The suggestion is that of a valve which, however,

hinders the flow of ova into the paruterine organ rather than the

converse, which is what Avould be expected.

Text-figure 5.

C

— L

Transverse section through mature proglottid, showing paruterine organ.

c. Central cavity of paruterine organ. I, Lateral water-vascular tube.

The close relationship of the paruterine oi-gan to the uterus

is reminiscent of the conditions which obtain in the not nearly

allied genus Mesocestoides. In this Cestode, which has been

investigated by Hamann *, Fuhrmann t, and some others, the

uterus is divided into two regions Avhich form a continuous tube.

Posteriorly the uterus acquires thick fibro-spongy walls and serves

* Zeitschr. f. wiss. Zool. 1885. t Swedish Exped. Egj'pt, pt. iii.
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as the ultimate receptacle of the ripe eggs, being closed to form a
spherical capsule. It is this region which suggests the paruterine
organ of Chapmania, a comparison which Fuhrmann seems, in

the memoir quoted, to hold as possible, though Hamann compares
this swollen and metamorphosed part of tlie uterus with a shell-

gland (a comparison which seems to be negatived by the discovery
of an ordinaiy shell-gland by Zschokke and others). In no
genus, however, is there quite so intimate a connection between
the uterus and what is certainly a paruterine organ as in
Chajmiania. It is quite likely that Mesocestoides has preserved
the original relationship between these parts of the reproductive
system.

The access, therefore, of the ripe eggs in the uterus to the
paruterine is thus assured ; and the drawing to Avhich I have
referred (text-fig. 4) shows this movement in progress. The
eggs occupy the central hollow region of the paruterine organ,
and are to be seen in transit in various parts of the same and
of the uterus. I have observed eggs entangled, as it were, in

the lax tissue forming the plug of calcareous bodies *. There is

no doubt but that here the transference of ova to the paruterine
from the uterus is quite direct. They could hardly reach it by
another route, in view of the free continuity of the two sacs.

Nevertheless, another view has been advanced by Fuhrmann t.

In his important resume of the genei'a of Cestodes found in

birds, this author remarks in the definition of the genus Chap-
mania—" Die Eier gelangen in einen stark verzweigten Uterus
vind von da wie bei Davainea in Parenchymkapseln, worauf sie in

abgeldsten Gliedern in ein amVorderrand gelegenes breites, grosses

Paruterinorgan gepresst werden, das eine Kapsel um sie bildet."

This definition is accepted by Ransom, who practically translates

it in his general survey % of tlie Cyclophyllidea. In a later and
fuller table of distinctions of the genei'a of Davaineidte § this is

altered. In the latter. Ransom says (ns part of his definition of the
genus Chapmania), "Eggs pass anteriorly into a paruterine organ
from the uterus either directly or after the disappearance of the
uterine wall and the envelopment of the eggs in individual paren-
chymatous capsules." This alternative statement as to the fate of

the ova is apparently due to an earlier definition by Fuhrmaini of

the genus Chapmania ||, which runs (so far as concerns the matter
under discussion) as follows—" Die Eier, statt im Parenchym zu

* It may be pointed out that, in his figure of Chapmania longicirrliosa (later

regarded as identical with Idiogenes flaffeUum), Fiihmiann (Centralb. f. Bakt. u.
Parasit. Bd. 41, p. 81, fig. 3) represents a mass of calcareous bodies such as occurs
in Chapmania tauricolUs, but upon the opposite side of the paruterine organ, i.e.

upon its anterior face. If this be not an error there is perhaps here an additional
point of distinction between the two genera.

t Zool. Jahrb. Suppl.-Bd. x. J Bull. U.S. Nat. Mus. no. 69, 1909.
F" § " A New Cestode from an African Bustard," Proc. U.S. Nat. Mus. vol. xl.

p. 646, 1911.

r, II
Centralb. f. Bakt. u. Parasit. Bd. 41, 1906, p. 83. This memoir, however, is

not quoted bj^ Eansoni, which is merely an oversight, as he refers to it in
a footnote enumerating the sj'nouyms of Idiogenesflagellum.
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zerstreuen, in ganz reifen losgelosten Proglottiden in einem
parenchymatosen Pai^uterinorgan, das zu einer Uternskapsel
wird, vereinigen." I believe, however, that this definition was
made to include the species described in that memoir as Ghap-
mmiia longicirrhosa, a species which Fuhrmann later * trans-
ferred to the genus Idiogenes, and to the species I.flagellum.

I have been quite unable to find a trace of anything like the
" Parenchymkapseln " of Davainea or any other genus in which
such structures exist. Nor do I think that it would be easy to

miss such bodies were they, at any rate, so conspicuous as in the
generawhich are known to possess them (e. g., Inermicapsifer, etc.).

My figure is, as I think, decisive as to the direct entry of the ripe

ova into the paruterine organ ; in no other possible way can the
facts observed, and there represented, be explained. I can only
suggest that the irregular form of the uterus in ripe proglottids,

as I describe it later, may be responsible for the statement
that the eggs are separately envolved in parenchymatous
capsules before being pushed into the paruterine oi^gan. For in
many sections ova may be seen to lie apparently in closely fitting

capsules, these being in reality the expression of the I'amifying
branches of the uterus. Or it may be that both methods occur
in this species, or finally, there is the possibility, which I do not
consider to be very great, that the worm which I deal with in
the present communication is not Chapmania tauricollis but a
new form.

The last word about the paruterine organ of this Cestode is

contained in Fuhniiann's account of Chapmania tapica f. Here
that author states that " Bei Chajmiania (audi bei Chap, tauri-

collis) geschieht dieser Uebertritt der Eier erst in abgelosten
Gliedern und ist deshalb von andern Autoren noch nie beobachtet
worden." It is clear, from my own observations, that the eo'o's

reach the paruterine organ at an earlier period. I think, however
that in my species, Otiditcenia eiijMdotidis, plainly belonging to

this subfamily, this late transference does occur.

Systematic Position of Chapmania tauricollis and validity

of genus Chapmania.

There is, of course, no need to argue the position of this tape-
worm so far as concerns its family and subfamily position. It is

clearly a member of the subfamily Idiogeninas of the family
Davaineidfe.

This subfamily contains three genera, viz., Idiogenes, Chai)-

mania,Sp)hyronchotcenia,?indi very possibly my genus OtiditceniaX.

The most recent survey of the characters of the three former

* Zool. Jahrb. t. cit. p. 50.

t Swedish Exped. Egypt, pt. iii. p. 23.

J See P. Z. S. 1912, p. 194, and ibid. 1914, p. 879.
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genera is by Ransom *, who distinguishes the three by the
following salient characters—which I withdraw from his fuller

diagnosis :

—

Idiogenes.—Small worms with weak musculature. Genital pores
unilateral (except in /. otldis). Suckers unarmed. Cirrus-

sac large. Eggs pass directly into paruterine organ.

Chapmania.—Larger worms with strong musculature. Genital
pores unilateral (in C. tauricolUs). Suckers armed. Cirrus-

sac not large. Eggs first developed in separate egg-capsules

and then passed into paruterine organ.

SpliyroncJwUenia.—Larger worms with strong musculature.
Genital pores unilateral. Suckers unarmed. Cirrus-sac

not large. Eggs pass directly into paruterine organ f.

Many rows of hooks on rostellum.

We may leave aside SjiJiyronchotcenia, which is clearly a

separate genus—not to be confounded with either Idiogenes or

Ohapmmiia. With regard to the two latter the differentiation

deducible from the above characteristics is altered to some extent

by the new facts recorded in the present communication. In the

first place, the cirrus-pouch of Chapmania is not particularly

small as is alleged by Ransom. I take it that the American
helminthologist has been misled by the absence of any statement

about the cirrus-sac of Chapmania in Fuhrmann's definition of

the genus, while, on the contrary, Idiogenes is defined by a large

sac. But the latter author, in his description of " Davainea
tatiricoUis" remarks + that the cirrus-sac reaches to the middle

of the proglottid, a statement which I confirm from my own
observations §. There is, therefore, here no difference between
Idiogenes and Chapmania. I have discussed above, in detail, the

statement that Chapmania diflers from Idiogenes in the fact

that the former genus shows a series of egg-capsules in which the

ova are imbedded before their transference to the pai-uterine

organ, and shown that there is no such difference between the

genera. There remains, thei^efore, merely the difierence of size

and the stouter build of Chapmania, Avhich is caused by the

relatively and actually greater thickness of the longitudinal

muscular layer of the body, to form a basis of distinction from
its ally Idiogenes. It is not at all impossible to regard these

facts as of generic value ; but it must be remembered that

* Proc. U.S. Nat. Mus. vol. xl. 1911, p. 637.

f This is to be inferred, as the actual transference was not seen in any of its

stages hy Ransom.

J Rev. Suisse Zool. iv. 1896, p. 119.

§ But the exact point to which the cirrus-sac reaches is affected by the degree

and direction of the contraction of the particular proglottid examined. It is

possible that the generic distinction has been chiefly founded upon Chapmania
tapica, where, according to Puhrmann (Swedish Exped. Egj-pt, pt. iii. p. 23), the

cirrus-sac hardlj' reaches the water vascular vessel.
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variations in the longitudinal musculature are by no means

always accompanied by other structures which nnply undoubted

generic difference among the Oestodes. It is possible, however,

that a simple sac-like form of uterus characterises Ichogenes^.

I should be, on the whole, disposed to define the genera of the

subfamily Idiogeninse as follows :—

Subfamily Idiogenin^.

A single paruterine organ present in the ripe proglottid.

A. Ten to twelve
\

roivs of hooks on {

the rostellutn.

/ Sphyronchot^enia. — Suckers unarmed

I

Genital pores unilateral. Longitudinal

I

Qiiusdes thick. Dorsal water-vascular

trunk absent in 2^osterior j)roglottids.

Testes numerous, extending far anteriorly.

Uterus divided into chambers, larger than

I
joa?-Mfe?'Mie organ. Eggs transferred late

^ to pariUerine organ. Cirrus-sac small.

(OriDiTyENiA.—Suckers unarmed. Genital

pores alternate. Longittidinal muscles

thick. Dorsal loater-vascidar trunkpresent

in p)osterior segments. Testes numerous,

posterior. Uterus divided into chambers,

extends dorsally into cortical layer, much

smaller than 2Jciriite7nne organ. Eggs

transferred late to |x«-Mierme organ.

Cirrus-sac small.

GHAPMANJAf.—Suckers armed. Genital

pores alternate. Longitudinal muscles

thick. Dorsal water-vascidar vessel absent

in posterior proglottid. Testes mwierous,

posterior. Uterus divided into chambers,

which in mature uterus commimicate and

form a network, larger than 2Jaruterine

organ. Eggs transferred early to paru-

terine organ. Cirrus-sac large.

Idiogenes+.—Suckers unarmed. Genital

pores unilateral or alternate. Longitio-

dinal muscles slight. Testes few, pos-

terior. Uterus not divided into chambers,

larger than 2Mcruterine organ. Cirru,s-saG

y t?ery large.

* See also footnote to p. 438 for another possible generic distinction.

+ In^^ew of the network which the sperm-duct forms and the tentacles upon the

crolex I exclude for the present C. tapica from the above genus.

+ It wm be noted that the feebly developed longitudinal muscular system the

smtu number of testes, and the simplicity of the uterus may be correlated with the

small size of the species of this genus.

B. Two roius of
\

hooks on the ros- {

tellum.
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I may point out, in conclusion, that the subfamilies Idiogeninse

and Davaineinfe, have con-esponding relations to Cestodes

commonly referred to different families by reason of their lack

Text-figure 6.

, \
'IA* ^«6r—- ^

at:

t.

Horizontal section through immature proglottids, showing position

of gonads.

c. and t. Cirrus-sac. l.v. Lateral water-vascular tube. o. Ovary. Ut. Testes more

thickly disposed on the side away from the pore. T.B. Transverse wat^r-

vessel. v.ff. Vitelline gland.

of rostellar hooks. There is, fcr instance, a close resemblance

between Rhahdometra and its allies and Idiogenes, which possesses a

single paruterine organ, on the one hand, and between Zschokkeella
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and Iaermicapsifer and Davainea, with many " egg-capsules," on
the other. In these instances the loss of the i^ostellar hooks would
need the reference of Davainea to either Zschokkeella or Ine^-mi-

capsifer, and of Icliogenes to Rhahdometra or one of its near allies.

The relation is quite like that between Tceniarhyncha (sens, strict.)

and Toinia. In Tceniarliyncha, a genvis formed to include the

hookless Tcenia saginata, we have a typical Tcenia, differing only

by the character mentioned and the correspondingly reduced ros-

tellum. It is, therefore, very important to ascertain positively

the presence or absence of rostellar (and other) hooks in view
of the above relations. This task is—my experience with
Chapniania teaches me—not always easy. I have carefully

i-e-examined the scolex of my species Zschokkeella gambiana in

order to set doubts at rest. I am still unable to find hooks
thereon, and cannot, therefore, alter my opinion of its systematic

position.

Pnoc. ZooL. >Soc.—1915, N"o. XXXI. 31
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34. Mhichihia : A Haplosporidian. Bj Helen L. M.
PiXELL-GoODKiCH, B.Sc, Beit Memorial Research

Fellow *.

[Received April 9, 1915 : Read May 11, 1915.]

(Plates I. & Il.t)

The genus Minohiiiia (Labbe) undoubtedly belongs to the

Haplosporidia, although it has invariably been placed among the

Coccidia. Schaudinn (17, p. 276) went so far as to include the

genus in that of Adelea, and in this he was followed, tentatively

only, by Doflein (7, p. 744).

Minchinia chitonis Lankester is the only well-established

species ; other so-called species will be dealt with la,ter. This

parasite was first recorded so long ago as 1885 by Lankester (11,

fig. 12), who found it in the hver of CJdton and gave a drawing
of the spore under the name of Klossia chitonis. Labbe (9) ex-

amined the same parasite in 1896, and, recognising its distinctive

characteristics, made it the type species of a new genus, which he

na.med Minchinia in honour of Prof. Minchin. The spore has a

thick chitinous coat and an outer membranous envelope produced

into a long tail at either end.

In 1897 Leger (13) described a new Coccidian Barroussia

cxudata whose spore was said to be provided with a long tail at

one of its poles, though, so far as I can make out, it has never

been figured. Ln a subsequent communication Leger (14, p. 7

footnote) pointed out that this form, parasitic in Lithobius martini,

had afTinities with Minchinia, though he did not recommend
connecting the two forms. In spite of this, Labbe in 1899 (10)

included this species of JBarroiossia in his new genus as Minchinia

caudata. In 1898 Leger (15) described the flagellated micro-

gamete belonging to this species, which is undoubtedly Coccidian

in type. Therefore Barroussia caiodata, a true Coccidian, is no
longer to be inchided in the genus Minchinia.

Patella and Trochus were also given by Labbe as hosts of

Minchinia, although he seemed undecided whether or not these

contained the same species as Chiton. ISTo figures of these

parasites were given except one of a trophozoite from Patella

which appears to be Coccidian in character. Therefore it seems

likely that this Patella parasite may also turn out to have no

relationship with Minchinia. The specimens of Patella and
Trochus that I have examined have not been infected at all,

although some specimens have been taken from exactly the same
locality as infected Chiton.

* Communicated by the Secretary.
t For explanation of the PJates see p. 456.
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Occurre:nCE of MixcuryrA in Chitox.

During the last four or five years I have searched Chiton from

Plymouth and other parts of the British coast, as well as from

parts of the Pacific and Mediterranean, for traces of this parasite,

and it was only in October last that specimens of Chiton at

Plymouth were found to be strongly infected. The species of

Chiton so parasitised was CraspedocMlus cinereiis (Linn.)* from

Rum Bay, not Acanthochites [Chiton) fascicular is (Linn.), stated

by Labbc to be the host at Roscofl". In fact the latter species I

have never found to be infected. From this locality, out of 135

specimens of Craspedochilus cinereus examined, 85 have had a

more or less advanced infection. This proportion of infected

specimens, roughly two- thirds, does not coincide with Labbe's

description of Minchinia as a rare parasite. However, these figures

only refer to specimens of Craspedochilus cinereus fi'om a small

stretch of coast near Plymouth called Rum Bay. Perhaps the best

ground for the collection of Chiton in the Plymouth district is

the mouth of the river Yealm ; here, however, the specimens are

small only, and out of twenty-five not a single one has been found

to be infected with 3Iinchinia. Chiton (two only) examined from

Wembury Bay have also been free from infection.

The infection is thus shown to be veiy localised ; whether the

Chiton in Rum Bay are suffering from an epidemic of this

parasite, or whether Minchinia is endemic to this locality, could

only be determined by an investigation extending over several

years.

The parasites have so far only been recorded from the liver
;

they are, however, not restricted to this organ, but later overrun

all the connective tissue. They are especially numerous between

the lobes of the liver and the interior projections of the walls

of the so-called sugar-glands (Zuckerdriisen). Infection then

spreads to the wall of the gonad, radula sac, gills, and blood-spaces

in the foot. Cases of advanced infection can nearly always be

detected without dissection, because cysts full of spores can be

seen in the gills and through the epidermis of the foot.

In such favourable positions, lying immersed in the host's blood,

the parasite has every opportunity of nourishing itself, and

during its rapid endogenous multiplication the liver becomes

gradually deprived of its reserve food materials. In early cases

of severe infection the presence of numerous colourless plasmodia

and young cysts gives a white appearance to the liver, which is

normally brownish. As the cysts become filled Avith brown
chitinous spores they appear black by reflected ligbt, and conse-

quently a liver with a severe infection at an advanced stage is

quite ijlack, as well as being enormously enlarged owing to the

bulk of parasites between the lobes. The liver-cells in such

* [The parentheses around the names of authors placed after scientific names in

this paper are used in accordance with Article 23 of the International Rules of

Nomouclature (Proc. 7th Int. Cong. Boston, 1907, p, 14 (1912)).—Emtoe.]
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advanced cases were found to have lost their reserve food and to

be much reduced in size. In spite of the necrotic condition of

this organ, however, the life of the Chiton appeared to be little

affected—at any rate, in captivity infected specimens sometimes

lived longer than non-infected. No observations appear to have

been made on the normal length of life of a Chiton, possibly it

may be great. Quite small specimens are often sexually mature;

on the other hand, strongly infected specimens are nearly always

very large—some of them the largest specimens ever seen at

Plymouth. Could it possibly be that development of Minchinia

in a Chiton causes the whole animal to hypertrophy ! On the

whole, adult forms were better infected than young ones, as would

be expected. I have not seen the earliest stages of infection, but

presumably the Chiton become infected when feeding : the}' are'

said to be entirely vegetarian. Labbe has figured three (10, text-

fig. 107) so-called sporozoites in the liver-cells; possibly one of

them is something of the kind, the other two appear to be the

normal contents of the liver-cells. Many experiments by which

I have tried to infect Chiton artificially have given negative

results. Ripe spores have not been induced to open when intio-

duced into the oesophagus or placed in fluid from different regions

of the alimentary canal. Therefore ^VQ seem forced to the

conclusion that there is another host ; this, at the beginning,

seemed unlikely : first, because the , spores as developed in

Chiton are so admirably adapted for an external free existence,

and secondly, it is not easy to see how such an animal as Chiton,

which feeds on plants, could easily become infected from other

animals. Certain other facts in this connection are given below

after the description of the spores.

Methods.

Bouin's picro-formol-acetic mixture was found to be the best

fixative for infected tissue, since this penetrates to a certain

extent even into ripe spores. The special methods applied to these

spores will, however, be described later when considering their

structure. For general purposes picro-nitric and corrosive

sublimate mixtures were also satisfactory. Owing to the small

size of gametes, sporoblasts, and young spores, it was necessary to

have thin sections (3-4 jx), and when there were many chitinous

spores this was not easy. Breaking of sections was sometimes

prevented by painting with collodion. For following the

development of the spores it is essential to have living material,

and methyl-green and acetic acid mixture was used for temporaiy

preparations. Numerous coverslip films and smears stained

with Giemsa were also used for studying the development. For

staining films and sections iron hfematoxylin or haematein methods

are of course most useful ; water solutions certainly seem to give

better results than the alcoholic ones recommended by Lee (12,

p. 156) and others, though by the latter staining is more speedily

effected. The chitinous sul)>tance forming the spoi'e coat stains
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very intensely by these methods, which are therefore not always

convenient. In these cases Ehrlich's, Mann's, or Delaiield's

luematoxylins have given better results. Carmine stains have
always proved disappointing. As a rvile counter-staining was
not found to be an advantage, the cytoplasm being sufficiently

stained by the hjematoxylin.

Plasmotomy.

All Chiton examined from October 1914 to April 1915 were

heavily, if at all, infected. In only two cases was endogenous

multiplication still proceeding, and these specimens were obtained

and fixed during October. One of these (Chiton Y) contained

also many stages in sporogony and even some ripe spores ; the

other (Chiton X) was crowded chiefly with plasmodia, Avhich gave

a white appearance to the liver. Most of the plasmodia were

irregular in outline, but they varied much in shape and size

(PI. I. figs. 1 & 2). Scattered through them were nuclei con-

sisting of masses of chromatin, round each of which could be

distinguished a clear space. At this stage the nxicleus has no
sign of a membrane. Frequently these nuclei were dividing by
a simple method of mitosis. In vain have I searched through

hundreds of sections to find any trace at this stage of the beautiful

spindles wliicli have been figured for some Haplosporidia (2) (18).

Swarczewsky states that Chatton (5) must have missed them in

Caullerya mesnili ; but such does not necessarily seem to be the

case, for I do not think that they can have been passed over in

MincJdnia.

When about to divide, the mass of chromatin separates into

two parts, which graduallj^ move away from one another, but for

some time are connected by a slender tliread (centrodesmose).

It has not been possible to demonstrate the centrosomes con-

tained in these chromatin masses by means of differential

staining, although one would expect them to be present.

When a plasmodium has attained a certain size, or from other

causes, it breaks up into daughter plasmodia, each with seveial

nuclei (fig. 2). All these trophic stages ai'e quite naked and
their outlines generally ii-regular. It seems clear that they flow

along to some extent, probabl}' only very slowly, by putting foith

pseudopodia. Sometimes between closely apposed lobes of the

liver a plasmodium becomes very elongated and narrow (fig. 1).

No doubt want of space often determines the breaking up into

daughter plasmodia. It is rare to find one longer than 100 fx or

wider than 50 /,(.

During this endogenous multiplication of the parasite the

host's phagocytes become very active and multiply lapidly, some-

times forming clumps. They appear to make a vain attempt to

enoulf the parasites, and occasionally one is observed flattened

against a plasmodium.

Tliere is a certain amount of evidence to show that solid
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pax'ticles can be ingested by the plasmodia as by an ordinary

amoeba. Masses of fibres staining black with iron hfeaiatoxvlin

may sometimes be seen enclosed in an active plasmodium. They
either disappear before encystment, or sometimes they may be
extruded in a mass directly after the formation of the cyst, and
become compressed between it and the parasite. Further, certain

deeply staining granules are generally contained in the cytoplasm,

round which no clear space can be observed as round a nucleus.

These granules are easily distinguished from nuclei when the
latter assume the vesicular form after encysting (PI. I. figs. 1

& 3, gr.), although it is almost impossible to distinguish them
before this change is affected. Caullery and Mesnil (2, fig. 11)
saw similar chromatic bodies left over after the nuclei had become
vesicular, but interpreted them as degenerate nuclei. In
Minchinia they seem likely to be unassimilated particles, possibly

remains of host-cells, taken in during the active life of the

Plasmodium. In one case it was practically certain that the
parasite had ingested a host-cell—apparently a phagocyte ! In
many cases these cells apply themselves so closely to a plasmodium
that it is difficult to see any boundary between them (fig. 2).

Cuenot (6) has recently given some useful information about the
activities of the phagocytes of Chiton, and usually there is no
difficulty in distinguishing the nucleus ot" one of these cells from
a pai'asite nucleus. In Minchinia, however, certain plasmodia
occasionally appeared at first sight to be giving off buds in which
the nucleus had assumed a vesicular form ; but after further

study I am convinced that these specimens were really only
plasmodia to which host-cells were endeavouring to attach them-
selves. Gemmation has, however, been described by Svvai-czewsky

(18) as a mode of reproduction, in addition to plasmotomy, in

certain Ichthyosporidia.

Sporogony.

(1) Formation of gametes.

When the host has become strongly infected most of the

plasmodia draw in their pseudopodia and become rounded off and
encysted. It seems possible, from the consideration of after-events,

that two plasmodia may mingle before encysting, but no direct

evidence has been forthcoming on this point. A thin pellicle is

secreted, but in most cases this is soon covered and obscured by
the host's amoebocytes, which apply themselves to it, becoming
gradually flattened out to form a cellular cyst around the parasite.

This cyst is generally only one cell thick (PI. I. figs. 3 & 4J, and its

nuclei become more and more flattened with growth. Occasionally

there may be four or five layers of cells forming a thick cyst

round a parasite, but this is an abnormal condition. The cysts

are spherical, and vary very much in size, but they are not

generally moi'e than 75 p, or less than 40//, in diameter. The
nuclei assume a vesicular form, and probably enter upon a resting
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stage. This change is affected hy the breaking wp of a mass of

chromatin into granules, some of the smaller ones of which pass

to the periphery, where a distinct membrane appears. The
central chromatin generally forms two or three distinct masses,

often connected with the membrane by fine strands. These
vesicular nuclei are more or less oval, and their longer diameters

are slightly less than 3^.
Occasionally, forms have been seen in which the nuclei are

massed in the centre, leaving a clear peripheral border of

cytoplasm. In addition there is sometimes a cavity in the middle,

but the nuclei are not ai'ranged in a definite single layer round
this cavity as described by Alexeieff (1, p. 36, fig. 4) for his

" plasmodes blastuloides " in Ichthyosporium gasterojyhihim. In
Minchinia the occurrence of the central cavity, at any rate,

appears to be an artifact.

When preparing to divide a nucleus of this vesicular type in-

creases in size and a bundle of a,chromatic threads appeals along

the greatest diameter acting as a kind of spindle. The chromatin,

after ari'anging itself on this spindle, is drawn to the poles. The
vesicle then constricts in the middle, and the two ends are finally

nipped off as daughter nuclei. This process has been beautifully

figured by Granata (8, Plate 3) for Ilaflosiporidhmn limvodrili, in

which, according to the magnification given, the nuclei aie con-

siderably larger than those of Minchinia.

After a time the c5'topla&m separates and collects round these

nuclei either singly or sometimes in clumps of from two to seven

or eight. Occasionally a dozen or so different sized masses have

been seen inside a cyst and have been set free by bursting it.

When compressed, these masses are seen to contain varying

numbers of nuclei. Ultimately, however, such multinuclear

masses are resolved into uninuclear bodies which appear at times

to be distinctly amoeboid. These are the gametes. No residuum

is left over except the chromatoid granules, which do not become
transformed into vesicular nuclei as already described.

(2) Syngamy and formation of zygotes.

The gametes proceed to pair. Fusion of their cytoplasm first

takes place to form a single body with still separate niiclei (PI. I.

fig. 5 a) for which the term Prozygote has been proposed (16).

Caullery and Mesnil (2) hesitated to give a definite opinion as to

whether similar bodies with two nuclei in some of their Haplo-
sporidia represented forms undergoing division or gametes under-

going syngamy, because they also found masses with four nuclei

in some cases. The same difiiculty presents itself in Minchinia
;

but, after prolonged study of living stages and careful measui-e-

ments of the different sized bodies and nuclei contained in cysts,

the above seems the only possible interpretation. Caullery and
Mesnil's forms with four nuclei (2, fig. 43) seem to be stages in

the formation of the sporoblasts as described below (figs. 7 & 8).,
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After some time has elapsed tlie gamete nuclei in the prozygote

approach one another (fig. 5 h) and fuse to form the syncaryon

(fig. 5 c). The zygote so formed ajDpears to be produced by

autogamy. Such may not be really the case, however, for it is

quite possible that the gamete nuclei may have been derived from

distinct parents. Either two plasmodia during their wanderings

may have come together and their cytoplasm fused before

encystment (plastogamy), or there is some evidence in other

Neosporidia to show that the amoebulse fuse in pairs on their

escape from the spore. In the latter case probably their nuclei

do not fuse but divide independently, and ultimately syngamy
takes place between gamete nuclei formed in equal numbers from

each parent.

(3) Formation of sjyores.

The zygotes generally proceed almost at once to divide twice

(PI. I. figs, 6 & 7) to give four sporoblasts : division is eflected

here again by a simple method of mitosis. As a rule, the nuclei

go through both their divisions before the cytoplasm divides, so

that the stage with four nuclei (PI. II. fig. 8) is quite common,
but sometimes division of the cytoplasm follows after the fiist

nuclear division . Also,these divisions are not ahvays simultaneous

even in one and the same cyst, thei'efore there may be enclosed

together with free sporoblasts masses with two, three, or four

nuclei, and even an undivided zygote. This fact added much to

the difiiculty of elucidating the life-history of Minchinia.

The sporoblasts when first separated are very small and their

protoplasm rather vacuolar. They soon begin to secrete a mem-
brane which is produced into a short tail at either end (PI. II.

figs. 10 tt 1 1). The young spore then grows considerably : presum-

a,bly the membrane is so thin that it does not prevent the

absorption of food. While still quite small its nucleus divides,

giving off" a, parietal mass of chi'omatin (figs. 9« &, 9&) which

sometimes divides into two (fig. 9c) These parietal nuclei or

masses of chromatin, for possibly they are not true nuclei, are

very distinct at this stage. Their prominence, however, is very

transitory, for soon after they are masked by numerous other

chromatic bodies which are given out by the main nucleus.

Probably the parietal " nuclei " themselves also break down into

similar chromatic granules or globules. These are highly re-

fringent and pass to the peripheiy, where they arrange themselves

to form the chitinous spore coat, as will be more fully explained

later.

At the stage when these globules are passing out in a centri-

fugal direction there arises in the cytoplasm, near the nucleus, a

homogeneous finely granular spherule (PI. II. fig. 14). I have

no evidence that this comes actually from the nucleus as described

by Granata (8) for Haplosportdmm limnodriU. The spherule is

distinguished by the fact that it stains only slightly and takes up

its position just underneath the ojoerculum. Unripe spores open
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fairly easily when treated Avith certain reagents, metliyl-green

acetic mixture for example. From a young spore undei' these con-
ditions the spherule makes its way out as soon as the operculum
is raised. Similar bodies have been mentioned as occurring in

ma,ny Haplosporidia. In Minchinia the spherule is very large at

the stage when the spore coat is nearly completed (figs. 13 & 14),

and after this appears to gradually diminish, until in the ripe

spore it is generally not to be distinguished at all. Possibly it is

composed of some kind of reserve food on which the developing
spore can feed as soon as it is cut off from the outer world by the
formation of its thick chitinous coat.

During the deposition of the substance which forms the chitin-

ous coat there is a considerable shrinkage of the nucleus (figs. 12,

13, 14). Although the substance appears to coiifle directly from
the nucleus it is not presumably similar to chromatin in com-
position. In the living it is more refringent. When the globules,

which arrange themselves at the periphery just inside the spore

membrane (fig. 14), are sufliciently numerous they begin to run
together. Ultimately a continuous layer one micron in thickness

is formed all round the spore (figs. 13 & 15). This is at first

colourless, but later becomes light brown but remains translucent.

In its behaviour to certain stains this substance also differs from
chromatin. Although it stains densely black with iron hfema-

toxylin and red with saflfranin, the more selective nuclear stains

such as Ehrlich's, Mann's, and Delafield's hfematoxylins do not

stain it nearly so intensely as chromatin. In Giemsa preparations

the membranous covering of the spoi'e generally stains red and
the inner chitinous coat blue, not red like the nucleus.

The chitinous substance is very resistant : like true chitin, it

is not dissolved by boiling in strong caustic potash (30 ^o) '•>
^'^^^^•,

on the other hand, it does not acquire the characteristic mauve
colour shown by chitin with the iodine in potassium iodide and
zine chloride test. Thus it must be concluded that while closely

resembling, it is not identical with ordinary chitin.

(4) Spores.

The Ti\)e spores vary a good deal in size but are always oval,

and when living generally about 10 // long and 6 fi wide. The
largest measured was 13 ju long and 8 yu, wide. The latter giant

spores seem to be distributed promiscuously ; that is, there is no
distinction of cysts into those containing macrospores and micro-

spores. Normally the tails into which the outer membrane of

the spore is produced are about four times the length of the

spore, but they are more or less brittle, and often become broken

ofi". The chitinous coat is thick and very resista,nt. It can

be softeiaed in various ways, e. g. immersion in Eau de Javelle

or weak foi-malin, in order to make it sufficiently permeable

for its contents to be stained. Formalin (47,, formaldehyde) is
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especially good for this purpose, and when followed by Ehdich's
htematoxylm enables the spore nucleus to be well stained.

Prolonged immersion in distilled water had no apparent effect on
the spore. Iodine stained the chitinous coat yellow but otherwise
had no result. Adult spores were occasionally induced to open
by pressure and reagents combined (PI. II. fig. 16). The oper-

culum always opened away from the tail and turned inside out,

but remained attached by the outer membrane, which acted as
a hinge.

Appai'ently the spores of Minchliua are set free only by the
death of the host.

From the structure of the spore one would expect it to be
destined for a prolonged free existence in sea-water. It has been
proved experimentally that the spores can remain for months
apparently unchanged in water, and can also undergo drying to

some extent. No success, however, has been obtained in attempts
to make them infect other Chiton directly. Living spores have
resisted all attempts to make them open. On some occasions

spores have been introduced into the oesophagus of a Chiton by
means of a very fine pipette ; on another occasion a few spoi'es in

a tiny piece of blotting paper tied with a fine silk thread were
introduced into the oesophagus of an uninfected Chiton, but on
removal after several hours were found to be quite unchanged.
At other times spores, after being in sea-water, have been mounted
with teased portions from different regions of the alimentary
canal, all with no result. One such preparation sealed up on
November 27th, and another on December 18th, lost all bacterial

infection after a few days, and were on March 22nd quite stei'ile

with the spores unchanged.
Uninfected specimens of Chiton were also kept during March

and April under conditions as normal as possible except for the
presence of numerous spores of Mmchinia in the water. Although
the Chiton ate the fucus to which spores easily adhei-e, they did

not become infected duiing seven weeks nor were any spores

found in their alimentary canals *.

Attempts were then made to infect othei- animals from the rocks

at the same zone with the spores of Umchinia, as it was thought
that possibly shore fish, etc. might become infected in this way
with another vegetative stage of Mmchinia. Owing to the courtesy

of the Director, these experiments have been carried on in the
Marine Biological Laboratory, Plymouth, and I am indebted to

Mr. A. J. Smith for much valuable assistance. In each case stones

with seveial Chiton attached Avere introduced into ]a)-ge tanks
through which water was cii'culating and containing the animals
being experimented upon. The results of these experiments were
as follows :

—

1. Bleriny.—These fish attacked the Chiton readily. All stages

* Sec note at ctuI of paper.
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of MincMnia were digested except the ripe spoi-es, which pass

through unchanged. It is of interest to notice that the shell of the

Chiton passed through undissolved, the eight plates renppeaiing

generally unbroken in the fseces, whereas in the case of Pomatoceros,

which is also readily torn from the rocks and devoured by the

Blenny, the portions of tube eaten were softened if not entirely

dissolved. This difference is, no doubt, due to the greater pro-

portion of insoluble organic matter in the Chiton shell.

2. Rochling.—Chiton left undisturbed for 7 days.

3. Goby.—One Chiton bitten off, but none eaten during 8 days.

4. Motella.—Chiton left undisturbed for 12 days.

5. Crab {Garcinus mcenas) devoured Chiton readily. All stages

of Minchiidawere digested except the spores, which passed through
nnopened. The tails of the spores were often broken, for, as a

rule, the spores weie freed from their cysts.

6. F'ur'pura,—Chiton left undisturbed for over a month.
7. Star-fish (Asterias glacialis) — 6 Chiton out of 8 eaten in

10 days. MincMnia spores found in alimentary canal showed no
signs of opening.

8. Sect-Urchin {Echinus mUiaris).—Chiton left undisturbed for

13 days.

The passnge of the spores through the alimentary canal of the

Crabs and Blennies lasted at most three days. Doubtless in this

way they are disseminated, but they do not appear to be changed.

Experiments to induce spoi-es, recovered from the ffeces, to open

in the digestive fluids of Chiton were no more successful than

with fresh spores.

From the desci-iption given above it will be clear that MincMnia
has affinities with Urosporidium and Hajjlos'porid'ninn and belongs

to the family Haplospoiiidje of Caulleiy & Mesnil (2), Avhich

Leger and Duboscq (15 a) also recognise as a v>"ell-defined group.

There is therefore no need to enter here into the controversy as

to whether the Haplosporidia taken as a whole, as conceived by
CauUery and Mesnil, is a rational group. Doubtless, as these

authors were well aware, some rearrangement will be necessary

when more is known as to the life-history of these strange forms.

Cepede (3 & 4) in 1911 and 1913 briefly described a curious Haplo-
sporidian from Dcnax, unfortunately without giving any figurf s

;

owing to the presence of a surrounding cell in the young spore he

seemed to think that the term Haplosporidia («7rAoi)s, simple)

was not suitable, and suggested renaming the group Acnidosporidia.

There appears to be no need for such a procedure, the Donax
parasite and also JTinchinia, in which the young spore likewise

shows an indication of a parietal nucleus, have simple spores in

comparison with those which possess polar capsules. At any rate

it seems most inadvisable at present to encumber with new names
and classifications the already complicated literatuie of these

forms when the majority of their life-histories have never been

at all satisfactorily investigated.
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Sninmary.

1. The ifenus Mlnchinia is here shown to helong to the Haplo-

sporiflia, instead of to the Ooccidia., among- which it has been

placed since it was estabhshed by Labbe in 1896.

2. Its life-history in Chiton consists of two stages, a trophic

and a sporogonic,

3. Daring the trophic stage a multinncleate individual divides

by a process of plasmotomy.

4. During the sporogonic stage a plasmodium becomes encysted,

forms gametes, which fuse in pairs (? autogamy, see page 451) to

give zygotes. The zygote breaks up into four sporoblasts, each

of which acquires an external membrane drawn out into a tail at

each end, and later a thick chitinous coat immediately inside the

membranous one.

5. Crabs, Blennies, and Star-fish eat Chiton, but the spores of

Miiichinia pass through unchanged, and are in this way
disseminated.

The Musenms,
Oxford.

P.S.—Since writing the above many Chiton have been kept

here in Oxford with free spoi-es of Mincldnia in aerated sea-water.

After three or four weeks numerous unopened and unchanged
spores, often enclosed in ftecal pellets, were found in the intestine

of several of the Chiton. These, which included uninfected and
previously infected specimens, were carefully examined and some
were cut in serial sections, but in no case did the spores show
any sign of opening. All organs of the specimens not previously

infected wei^e quite normal.

This failure of the spores to open when eaten naturally by
Chiton, confirms the negative i-esults obtained in the above
experiments, and we seem forced to the conclusion that the spores

of Minchinia do not open in any part of the digestive tract of

Chiton.

Of course there is the possibility that free spores may be taken

in by some miiaute animal in which they germinate before passing

back (perhaps by accidental swallowing) into another Chiton.

However, no evidence is forthcoming on this point at present,

although several Neosporidia have been already described from
small marine animals.
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EXPLANATION OF THE PLATES.

Unless otherwise stated, tlie fig-ures were drawn with a camera lucida from pre-

parations stained with iron hieuiatoxylin.

Letferincf.

c, cj'st; c7/., chitinous coat of spore ; c? , daughter pLismodium
; q., gamete;

ffr., chromatoid granule; 7;., host-cell ; «., nucleus; o., operculum; s., sporo-

blast ; S2^., spherule; ^., tail of spore.

Plate I.

Fig. 1. Section of a small Plasmodium of MincJiinia with pseudopodia and several

nuclei, some dividing. X 1000.

2. Another specimen showing Plasmotomj' : d., small daughter plasmodiura
partly covered hv dividing parent form; Zi., host-cells (phagocytes).

X 2000.
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Fig. 3. Portion of a section of an encysted parasite beginning' to break up into
gametes : c, cyst with host-cells flattened against it ; ff.,

amoeboid gamete.
Stained EhvHch's hematoxylin. X 2000.

4. Portion of a cyst containing free and conjugating gametes. X 3000.
5. ((?) Prozygote formed by fusion of the cytoplasm of two gametes. Stained

Ehrlich's hasmatoxylin. (6) Zygote showing formation of syncarvon.
(c) Zygote with syncaiyon. All X 3000.

6. Zygote showing first division of the syncaryon. X 3000.

7. Later stage : second division nearly complete. X 3000.

Plate II.

Fig. 8. Portion of a cyst showing two stages of division into the four sporoblasts :

s., free sporobla>ts. X 3000.

9. Stages in early spore-formation from sections. X 3000. (a) Showing be-

ginning of nuclear activity
; (6) showing single parietal nucleus

;

(c) showing two such bodies and a portion of the membranous coat and
tail cut through.

10. Young living spore from a cyst : the clearer space indicating position of
nucleus. X 2000.

11. Slightly older spore also drawn from the living. X 2000.

12. Young spore with lai-ge nucleus giving off chromatic bodies into cytoplasm.
X 30U0.

13. Optical section of a spore nearly full grown and with chitinous coat (cJi.)

almost complete. Membranous tails {t.) cut through spherule (sjo.).

X 3000.

14. Optical section of a free spore at stage between those represented by figs. 12
and 13, showing chromatic grannies arranging themselves just inside

membrane to form chitinous coat. Slightly flattened by cover-glass.

X 2000.

15. Adult spore drawn from the living. X 1000.

16. Spore opened by means of pressure and reagents. X lOUO.







P.Z.S. 1915. Parker. PI. I.

JA.M.P.

Stage II. Dasyurus viverrinus (8.5 mm. A.).

PES PRESS, WATFORD.

HEART OF MARSUPIAL EMBRYOS.





P.Z.S. 1915. Parker. PI. II.

MENPES PRESS. WATFORD.

[ODELS OF EMBRYONIC MARSUPIAL HEART.



ON THE DEVELOPMENT OF THE HEART IN MARSUPIALS. 459

35. The Early Development of the Heart and Anterior

Vessels in Marsupials, with Special Reference to

Perameles. By Katharine M. Parker, B.Sc. (Lond.),

Assistant in the Department of Zoology, University

of London, University College *.

[Received May 25, 1915 ; Read June 8, 1915.]

(Plates I., Il.t and Text-figm^es 1-25.)

Index. Page

Introduction 459

Description of Stages 460

Summary and Discussion 486

(a) Development of the Heart 486

(6) Development of the Cardinal Veins 493

Pinal Summary and Conclusions 497

References to Literature 497

Introduction.

The following piece of work was undertaken at the suggestion
of Professor J. P, Hill, for whose invaluable help in carrying it

out I am deeply grateful. The embryos studied are all from his
collection and text-figs. 1 and 6 were made from photographs
taken by him.

I wish also to thank Miss E. A. Steele for her beautiful
figures of the model (Stage Y.) and Mr. F. 0. Pittock for much
help in making the model.

The material aifords an excellent opportunity for the study of

the mode of development of the pleuro-pericardial canals, the
origin and clifFerentiation of the endothelial heart-tubes, and the
method of fusion of the lateral primordia of the heart, and it

was in the hope of making some progress towards the solution of

the interesting problems of early cardiac development that the
work was undertaken.

The general arrangement of the pericardium, heart, and aorta
in the early stages (viz. Stages I. to IV. inclusive) can be
accurately determined by graphic reconstruction, Figui'es 1 to 5

(PI. I.) were all obtained by this method, and are intended to

give some idea of the relations of the pericardium and heart to
the gut and the brain-plate in successive stages.

In the next stage (Stage V.) the curvature of the heart makes
it impossible to represent the i-elations of the parts accurately in

two dimensions. A wax-plate reconstruction was therefore made
(see PI. II.), and as all the vessels of the head which were

* Communicated by Prof. J. P. Hill, D.Sc, F.R.S., F.Z.S.

t For explanation of the Plates see p. 499.

Prog. Zool. Soc—1915, No. XXXII. 32
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recognisable as such were included in the model, a certain amount

of light was shed on the development and early relations of the

cardinal veins and aortic arches. The following account there-

fore deals not only with the development of the heart, but also

with certain facts relative to the early development of the

vessels of the head.

Description of Stages.

Stage I. Perameles obesula (1 Z),

Dasyums viverrinus (7 '5 mm. vesicle).

The material for this stage consists of four embryos of Pera-

meles obesula, one cut longitudinally and three transversely, and

sevei-al of D. viveri'inus.

(a) Perameles obesula (1 Z).

* Total length of embryo A in curved condition= 6-08 mm.
In this stage there is a flat brain-plate with an extensive neural

€i-est proliferation in the cranial region (text-fig. 1, N.C.P. (T.G.)).

Text-figure 1.

Peratiieles obesula (IZ). Dorsal view of embryo A.

Av. Area vasculosa. L.M. Lateral mesoderm. N.C.F. (T.G.). Neural crest

proliferation (primordium of trigeminal ganglion). S. Somite. A, A\. Level

of section represented in text-fig. 2.

There are fovir distinct somites {S.) : behind the fourth is a

Semitic thickening with an indistinct posterior limit, and in front

of the first, another imperfectly defined mass, representing

presumably a transitory first somite.

* All measurements of embryos and certain descriptive details are taken from
Professor Hill's original notes and photographs of the material.
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Laterally to the somitic mesoderm and the medullary plate is

a zone appearing clear in svirface view, in which the mesoderm
forms a thin sheet. Outside this again is an opaque zone of

lateral mesoderm (Z.il/.), completely surrounding the embryo.

This is bounded peripherally by a clear zone which separates it

from the area vasculosa (Av.). The entoderm forms a thin

continuous layer, while a small incipient head-fold definitely

marks the anterior margin of the brain-plate and involves also

the protochordal plate lying in the middle line immediately

below it.

In the lateral mesoderm on each side a horizontal cleft has

appeared, separating the mesoderm into a dorsal somatic and a

ventral splanchnic layer. These clefts, commencing on both

sides of the embryo and extending forwards, constitute the

pleuro-pericardial canals, the form of which can readily be seen

in PI. I. fig. 1 {P.23.0. ) The canals foxnn a horseshoe the median

Text-figure 2.

SdAf^-^

Ferameles obesida (1 Z, B). Transverse section in plane A, Ai,

(See text-fig. 1.)

!Ent. Entoderm. M.F. MecIuUarj' plate. F.p.C. Pleuro-pericardial canal.

S.M. Splanchnic mesoderm. So.M. Somatic mesoderm.

:anterior portion of which lies underneath the anterior margin of

the brain-plate (M.M.P.), while the lateral limbs extend back
into the somitic region. In the anterior region, the dorsi-ventral

extent of the pleuro-pericardial canal is very small (text-fig. 2,

P.p.C), and in fact the continuity of the canal is actually inter-

rupted on the right side of the embryo (PI. I. fig. 1).

The cleft increases markedly in size in the region of the
trigeminal neural crest proliferation (text-fig. 1, N.C.P. {T.G.))

and attains its greatest size in the hind-brain region (text-fig. 3 A
& B). Behind this it becomes reduced in size until, opposite the
posterior somites, the coelomic cavity is represented by irregular

clefts in the lateral mesoderm.
The pleuro-pericardial canals throughout their extent have a

thin somatic and a slightly thicker splanchnic wall (see text-figs. 2,

3 A & B, So.M., S.21.), which in the anterior region is in close

32*
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con.t<act with the entoderm (text-fig. 2). In the region of the

maximum size and development of the pleuro-pericardial canals

(PI. I. fig. 1) the endothelial primordia of the heart are

differentiating (text-fig. 3, End.) between the entoderm and the

splanchnic mesoderm, which therefore projects as a prominent
fold into the pleuro-pericardial canal.

Text-figure 3.

Ferameles ohesula (IZ, B).

A. Transverse section hi region of greatest widtli of pleuro-pericardial canals,

with endothelial tubes developed. B. Transverse section showing origin of

angioblast cells from the splanchnic mesoderm.

A.C. Angioblast cell. Mid. Endothelium. M.P. Medullary plate. F.p.C. Pleuro-

pericardial canal. 8.M. Splanchnic mesoderm. So.M. Somatic mesoderm.

The endothelial heart primordia are best developed in their

posterior portions, where they are actually tubular in some
embryos of this stage (see text-fig. 3 A). Anterior to the tubular

portion, the primordia are represented by solid cords of angio-

blast cells, isolated examples of which are found scattered along

the length of the pleuro-pericardial canals in the positions indi-

cated in PI. I. fig. 1 (A.C). It may be concluded from this that

the endothelial tubes differentiate postero-anteriorly, and that

their increase in length is brought about not by direct forward

growth of the first formed parts of the tubes, but by the
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progressive differentiation of angioblast cells in the cephalic

portions of the pleuro-pericardial canals.

The evidence of this stage does not justify any definite state-

ment with regard to the origin of the endothelium of the heart.

From text-fig. 3 B it will be seen that the splanchnic mesoderm
[S.JI.) shows distinct traces of proliferative activity ; its ventral,

indented margin has an irregular outline and there are indications

of loosening of the cells. On the other hand, there is no definite

evidence of entodermal proliferation, though in an earlier stage,

which will form the subject of a separate paper, the appearances

by no means exclude the possibility of the entodermal origin of

the endothelium, whilst there is clear evidence of proliferative

activity on the part of the entoderm of the area vasculosa.

(b) Dasyurios viverrinus (7*5 mm. vesicle).

The material on which the following description is based
consists of two embryos, one cut transversely, the other longi-

tudinally.

Greatest length of each embryo= 7 mm.
In this stage there is a flat brain-plate, the anterior margin of

which is marked in the middle line by a thickened terminal ridge

(text-fig. 4, T.R.). There is a well developed neural crest proli-

feration, the anterior portion representing the primordium of

the trigeminal ganglion, and the posterior that of the facial,

glosso-pharyngeal and vagus ganglia. No somites are yet
difterentiated.

The outline of the anterior end of the bi-ain-plate and the
pleuro-pericardial canals and endothelial heart-tubes are shown
in PI. I. fig. 2. From this it will be seen that the pleviro-

pericardial canals {P.p.G.) extend continuously round the head-

end of the embryo and lie anterior to the anterior margin of the
brain-plate (M.M.P.).

The pleuro-pericardial canals attain their greatest size in the

hind-brain region [II.B.) at this stage, and here also the primordia

of the heart are well established in the form of endothelial tubes

lying between the entoderm and the thickened splanchnic

mesoderm. The endothelial tubes terminate anteriorly at the

level of the posterior limit of the trigeminal primordium. In
front of this, however, there are scattered angioblast cells and
strands of cells extending foi-wards as indicated in PI. I. fig. 2.

In the condition of the heart primordia the Dasyurus embryos
are in advance of those of Peravieles described above, for the

endothelium is definitely tubular throughout a great portion of

its extent and the myocardial fold is conseqviently well developed.

From the longitudinal section (text-fig. 4) it will| be seen that

the antero-median portion of the pleuro-pericardial canal lies

some distance in front of the anterior margin of the brain

-

plate {T.B.).

In Stage I., then, we have a horseshoe-shaped pleuro-pericardial
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cavity extending round the embryo and with the lateral limbs

prolonged into the somitic region. The endothelial primordia of

the heart are represented by more or less continuous tubes, solid

cords, and scattered angioblast cells difierentiating in the postero-

anterior direction and lying between the entoderm and the

splanchnic mesoderm.
The endothelial heart-tubes are the only vessels yet established.

Text-figure 4.

^^i?iv'*AVrV-"-
%

H %i\

Dasi/urtis viverrinus (V'o mm. vesicle). Longitudinal section, median

through the anterior margin of the brain-plate.

^m«. Head-fold of amnion. JEwi. Entoderm. P.p.C. Pleuro-pericardial canaL

T.B. Terminal ridge.

Stage II. Dasyurtis viverrimi^s (8*5 mm.).

The material for this stage consists of one embryo (A) of

Dasyurits viverrinus cut transversely and one (Aa) cut longi-

tudinally. A graphic reconstruction of the gut and pericardium

together with the endothelial heart-tube and aorta of the left

side of embryo A will be found in PI, I. fig. 3.
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Total length of embryo A, 8'5 mm.
This embryo possesses a flat brain-plate with well marked

optic grooves ; somites are not as yet distinctly diflferentiated.

The position of the anterior margin of the brain-plate is indi-

cated in fig. 3 {M.M.P.) as well as the outline of the gut {F.G.).

On comparison with fig. 2, it is clear that the progress of the

head-fold has brought about considerable alteration in the

Text-figure 5.

MM.e-,

Dasyurv-s viverrinus (8"5 mm.). Longitudiual section of embiyo Aa,

median through anterior end.

C.F. Cardiac fold. F.G. Fore-gut. M.M.P. Margin of medullary plate.

P.p.C. Pleuro-pericardial canal.

relations of the gut, brain, and pericardium (see PI. I. fig. 3 and
text-fig. 5). In embryo A (fig. 3), which is slightly in advance
of embryo Aa (text-fig. 5), the anterior margin of the brain-plate

now marks the actual anterior limit of the embryo, while at the

same time the crescent-shaped fore-gut {F.G.) has developed. Its

anterior limit lies immediately behind the anterior margin of the

brain-plate, while closely applied to its posterior and latei'al
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margins lies the continuous pericardial cavity which shows a
marked increase in size as compared with the previous stage.

(Compare PL I. figs. 2 & 3, P.p.C.) This increase is greater in the
median anterior limb of the pericardium than in its lateral

portions. (Compare text-figs. 4 & 5.)

The differentiation of the endothelial primordia of the heart
has progr-essed considerably and they now extend as actual tubes
even to the middle line of the pericardium. This fact is some-
what remarkable, as such a condition, in which the lateral heart-
tubes are actually in contact at their extreme cephalic apices

and diverge widely and abruptly from this point of contact, is

not found in any other stage.

Some distance behind its cephalic extremity, the lateral heart-
tube gives rise to the first aortic arch (fig. 3, A 1), which follows

the antero-lateral mai'gin of the gut almost to the middle line

and there becomes continuous with the corresponding dorsal
aoi-ta, the two aortas being completely established in this stage.

It will be vmnecessaiy to go into further details of the structure
of this embryo, as the sectional appearances found in it are
exemplified yet more clearly in the Perameles embryo to be
described next. It is, however, an important stage with regard
to the processes of growth and folding which bring about the
relations of the brain, gut, and pericardium Avhich are found in
subsequent stages.

Stage III. Perameles nasuta (1 S).

The material in this stage consists of two flat embryos with
widely open brain-plates and lateral heart-tubes. Embryo A has
eleven somites, the first being small and indistinctly limited;
embryo B has nine, the most anterior being indistinct here also.

The following description is based mainly on embryo A, which
was cut transversely.

Total length of embryo A after partial flattening under cover-
glass, from the anterior margin of the brain-plate to the hinder
extremity of the primitive streak : 7*5 mm.

Vascular ai-ea, 8*96 x 5*8 mm. in diameter.
Text-fig. 6 represents a dorsal view of embryo A, while the

outlines of the gut and pericardium and the endothelial heart-
tube and aorta of the left side are given on PI. I. fig. 4. From
these figures it will be seen that the stage shows a considerable
advance in general development on the preceding. The head-fold
has progressed back as far as the region of the auditory pit.

The brain, though flat and widely open in the fore- and mid-
bi-ain regions, is deeply grooved in the hind-brain region. Lying
lateral to the brain-plate are two pairs of mesodermal masses,
one the maxillo-mandibular process, the other the hyoid arch.
Between these two arches is the first visceral pouch, and behind
the hyoid arch the second visceral pouch is already developed.



DEVELOPMENT OF THE HEART IN MARSUPIALS. 467

Shortly behind this, the paraxial mesoderm is differentiated

into somites.

The maxillo-mandibular process (text-fig. %,Mm. arch) forms a
dense mass of mesoderm not distinctly marked out into maxillary

and mandibular portions. It lies laterally to the gut on the
outer side of the lateral and dorso-and ventro-lateral walls of the
gut, and extends antero-posteriorly from almost the anterior end
of the gut back to the first visceral pouch, which is situated level

with the anterior intestinal portal. The entoderm of the first

visceral pouch reaches the ectoderm, but the closing membrane
is not perforated.

Text-figure 6.

Perameles nasuta. Dorsal view of embr^'o A.

B, Bi indicates the level of the section represented in text-fig. 7.

^.«. Auditorj' vesicle. F.N. Facial neuromere. S.arcJi, Hyoid arch. Mm. arch,

Maxillo-mandibular arch. M.P. Medullary plate. S. Somite.

The hyoid arch is a mass of mesoderm only slightly smaller in

surface view than the maxillo-mandibular arch, but situated

entirely dorsal to the gut. Behind it is the second visceral

pouch, which is small and does not reach the ectoderm
(PI. I. fig. 4, r.P. 2).

The form of the pericardium and its relations to the gut,
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as well as the topography of the endothelial heart-tubes and the
aortse and aortic arches, will be understood best by reference
to fig. 4 and text-fig. 12. From fig. 4 it will be seen that the
pericardium (P.) has increased markedly in size. As in the
previous stage, its inner wall is closely applied to the entoderm
of the crescentic or U-shaped anterior intestinal portion [A.I. P.)
{cf. text-fig. 12). The antero-median portion of the pericardium
is somewhat rectangular in transverse section (text-fig. 7) ; its-

dorsal wall is slightly thicker than its ventral, and between
the former and the fioor of the gut lie the endothelial heart-
tubes (text-fig. 8) and the first aortic arches (text-fig. 7).

Text-figure 7.

Ferameles nasvta (1 S, A.). Transverse section through median

pericardium and first aortic arch.

^1. First aortic arch. B.A. Dorsal aorta. F.&. Fore-gut. M.P. Medullary

plate. M.m.A. Maxillo-mandibular arch. N. Notochord. P. Pericardium..

V.C.M. Vena capitis medialis.

In the antero-median limb of the pericardium, the endo-
thelial heart-tubes, enclosed in a fold of splanchnic mesoderm,
lie separate from each other below the closed gut (PI. I. fig. 4
and text-fig. 8), while at the level of the anterior intestinal

portal they diverge in the manner indicated in fig. 4 and lie on
either side of the open gut in the dorso-medial wall of the peri-

cardium (text-fig. 9). In their posterior portions the heart

primordia lie on the ventral side of the pericardium.

The endothelial heart-tubes throughout their length are almost
completely enclosed by the layer of splanchnic mesoderm con-

stituting the primordium of the myocardium. In the posterior

region of the heart the myocardial layer is closely applied to the
outside of the endothelial tube (text-tig. 10), but in the greater

part of its extent there is a considerable space between the two;

layers of the heart primordium (text-fig. 9).

From the cephalic extremity of each endothelial tube, there

arise two vessels, one of which runs forwards and outwards;
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towards the lateral margin of the gut and then parallel with!this

margin (PI. I. fig. 4, A I). It loops round the anterior limit of
the gut, joins the dorsal aorta, and thus constitutes the first or

mandibular aortic arch. It is impossible here to fix any exact
limit between the endothelial heart-tube and the aortic arch.^

Text-figs. 7 and 8 represent typical sections through each. The
transition from the heart primordium to the aortic arch is

indicated by the gradual reduction in the dorsi-ventral extent of

the space surrounding the endothelial tube and the rotation

of the vessel, so that its greatest diameter comes to lie parallel

Text-figure 8.

Perameles nastita (1 S, A.).

A. Transverse section through heart primordia and second aortic arch.

B. Complete outline of same section.

A-2. Second aortic arch. I).A. Dorsal aorta. ISiid. Endothelium of heart.-

M.m.A. Maxillo-mandibular arch. M.P. Medullary plate. My, Myocardium.

P. Pericardium. V.C.M. Vena capitis medialis.

with the floor of the gut. (Compare text-figs. 8 and 7.) Outside

the limits of the pericardium the aortic arch runs in the mesoderm
of the maxillo-mandibular process (text-fig. 7). It is connected

with the dorsal aorta by one main loop and by several smaller

vessels which were omitted from fig. 4 for the sake of clearness.

The second vessel, which arises from the anterior end of the

heart, is small and runs backwards and outwards, lateral to and
almost parallel with the heart-tube, and has precisely the same
relations to the gut and mesoderm.
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Comparison with the succeeding stages shows that this repre-
sents the ventral portion of the future second aortic arch (Pis. I.,

II., figs. 4 & 8, ^ 2), while a small vessel arising from the dorsal
aorta and running outwards on the dorsal wall of the gut ventral
to the auditory vesicle, corresponds with the dorsal portion of the
completed arch in later stages.

Text-figure 9.

Perameles nasuta (1 S, A.).

A. Transverse section in region of lateral heart primordia and open gut.

B. Complete outline of same section.

A'i. Second aortic arch. D.A. Dorsal aorta. ISnd. Endothelium of heart.

M.F. Medullary fold. My. M3'ocardial layer. P. Pericardium. V.C.M. Vena
capitis medialis. F.P.I. First visceral pouch.

In the median space between the anterior ends of the endo-

thelial heart-tubes are a number of scattered angioblast cells

lying between the splanchnic mesoderm and the entoderm
(PI. I. fig. 4 and text-fig. 7). These cells possibly represent the

primordia of the capillaries found in the corresponding position

in the next stage. They aSbrd an instance of the origin of

angioblast cells from the splanchnic mesoderm after the establish-

ment of the definitive endothelial heart-tubes.

Posterior to the region represented in fig. 4, the heart-tubes
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gradually curve outwards and pass imperceptibly into vitelline

veins.

The dorsal aorta is paired and runs back continuously, the two
vessels keeping approximately the same distance from the middle
line (PI. I. fig. 4, D.A.).

Immediately dorsal to the dorsal aorta on each side there is

situated a series of apparently isolated sections of a minute blood-

vessel (text-fig. 7, V.C.M.). These capillaries lie close against
the medullary tube, medially to the neural crest proliferation in
the region of the trigeminal ganglionic primordium. From the
position of this vessel relative to the dorsal aorta and nerves,
it is evidently the vena capitis medialis of Grosser (5). A brief

summary of some of the literatui-e on the subject of the vense
capitis medialis and lateralis and their relations to the anterior
cardinals will be found below, together with a review of the facts

of development of these veins in Perarneles.

Text-figure 10.

Perameles nasuta (1 S, A.). Transverse section through posterior

portion of lateral heai't primordia.

B.A. Dorsal aorta. End. Endothelium of heart. M.F. Medullary fold.

Ily. Mj'ocardial layer.

Although it is not within the scojoe of this paper to deal

in any detail with the posterior vessels, it may be noted here that
in this stage, in the region of the posterior somites, there occur
intersegmental oflTshoots from the dorsal aortas. These inter-

segmental offshoots are shown very clearly in the longitudinal

series (text-fig. 11). It will be seen from the figure that between
each two successive somites (^S.) there is a small dorsal offshoot

from the aorta. Dorsal to the somites there are a few scattered

endothelial cells {End.). The longitudinal vessel connecting the

offshoots is not continuous, but portions of it are piesent in the
next section.

At the level of the second somite there occurs a pair of small

vessels lying in the somatopleure immediately dorsal to the heart-

tubes. Each consists of a single vessel with a few minute
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branches and is blind at both ends and not connected as yet with
any other capillaries. From these vessels the Cuvierian ducts
are later developed.

In this stage we have, therefore, lateral heart-tubes which,
while they approach one another anteriorly, are widely separate

in the posterior region. Paired dorsal aorta? and the hrst pair of

aortic arches are developed, whilst traces of the second arch are

also present. This stage accordingly agrees in its general features

with the 84 days rabbit described by Bremer (1). In addition

to the heart and arterial vessels there are also present in the head
the first ti-aces of the venous system in the form of discounected
portions of the vena capitis medialis and the primordia of the
Ouvierian ducts.

Text-figure 11.

Ferameles namta (1 S, B.). Longitudinal section tlirougli somitos showing
dorsal oft'shoots from the dorsal aorta.

B.A. Dorsal aorta. B.Br.D.A. Dorsal branch of sam.'. IJnd. Eu.lothelium
of longitudinal vessel. iS. Somite.

STACrE TV. Perameles nasata (2 P).

The material consists of four embryos, A and C cut transversely,
B and D longitudinally.

Each of the four embryos has fifteen or sixteen somites. Tlie
neural tube is still unclosed throughout its length, but the folds
tire closely approximated in the hind-brain region. The mid- and
fore-brain segments are widely open as in "Stage III., but the
primary cranial flexure has occurred so that the fore-brain is
bent forwards and downwards (see text-tig. 15).

The relations of the gut, pericardium, and heart are indicated
in PI. I. fig. 5. It is well to note at this point that the
outline of the brain-plate as indicated in figure 5 is not
strictly comparable with the corresponding line in fio-. 4
(compare text-figs. 12 and 15). The fact "that the primary
<!ranial flexure has occurred, renders it impossible to plot the
morphological anterior end of the brain in the same plane recon-
struction witli the hind-brain, gut, etc. The difterence in the
relations of the brain to the pericardium in the two stages may,
however, be judged by the position of the auditory ne'uromere
{A.X.\ which lies at the posterior margin of the pericardium in



DEVELOPMENT OF THE HEART IN MARSUPIALS. 473

Stage] III. and at the anterior margin thereof in the present

stage.

The first and second visceral pouches are now well marked
(fig. 5, V.P. 1 & 2), while the relations of the maxillo-mandibular

process and hyoid arch show little advance on the preceding

stage.

The antero-median portion of the pericardium has increased

very considerably in the antero-posterior direction. Furthermore,

it may be noted that as the portion of the gut lying anterior to

the first visceral pouch has remained the same length (compare

figs. 4 & 5) and the anterior margin of the pericardium is now
situated in the same plane with the first visceral jDOuch, the

pericardium must have moved backwards as a whole.

M M P

J

Text-figure 12.

M^"^'" "'^iJr--—-^
""" yy'

Ferameles nasuta (IS, B). Longitudinal section, median through

the anterior end.

A.I.P. Anterior intestinal portal. C.F, Cardiac fold. M.3I.P. Margin

of medullar}' plate. P. Pericardium. F.P. Protochordal plate.

The form of the endothelial primordia of the heart is shown
in fig. 5. They have fused at their cephalic extremity, the fused
portion extending through some eighteen sections and represent-

ing the most closely approximating portions of the endothelial

tubes in Stage III. (PI. I, fig. 4). From it is derived the bulbus
(conus) arteriosus of the next stage (PI. II. fig. 8, B.A.). Posterior

to this fused portion, the endothelial tubes lie close together but
unfused for a considerable portion of their length (PI. I. fig. 5

and text-fig. 14), and then diverge widely and pass into vitelline

veins. The endothelial tubes throughout their length are
enclosed by the myocardial wall, which shows characteristic

thickening and prolongations of its cells throughout the greater
part of the length of the heart (text-fig. 14, My.).
The myocardium of the right and left sides is united from the

cephalic extremity of the heart primordium to the point of

divergence of the right and left endothelial tubes, but the line

of fusion is not marked by any groove. In the posterior region

where the endothelial tubes separate from each other, each is

surrounded by its own myocardial layer, so that for a short

distance in front of the anterior intestinal portal, the two heart-

tubes lie below the closed gut, each surrounded by an indejDendent

fold of splanchnic mesoderm. The primordia of the heart
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are prolonged into the lateral gut-folds and pass gradually into

vitelline veins.

The heart as a whole is somewhat asymmetrical (see fig. 5),

being curved over to the right side of the embryo.
The aortic arches, two of which are developed, arise from the

median bulbus arteriosus. The endothelial heart-tube bifurcates

in front, and each half runs forwards and slightly outwards as a

relatively wide vessel situated between the two layers of the

splanchnopleure. These vessels, which constitute the first aortic

arches, run forwards and outwards in a course similar to that

of the same vessels in the next stage (compare figs. 5 and 6).

Anteriorly they loop round the gut to join the dorsal aortse.

From the anterior convexity of this first aortic arch are given off

capillaries which form a network surrounding the primary optic

vesicles. Prom the lateral margin of the fused tip of the heart

is given oflf on each side a small vessel which runs outwards and
backwards, loops round the gut, and constitutes a continuous

though slender second aortic arch.

Text-figure 13.

Ferameles nasuta (2 P, A). Transverse section through bulbus arteriosus.

Bnd. Endothelium. Gr. Gut. My. Myocardium. P.O. Pericardial cavity,

Jtt.A. Root of aortic arch.

The vena capitis medialis, which was just recognisable in the

preceding stage, is now considerably further developed. It is

represented by an irregular and not perfectly continuous series

of capillaries, situated dorsal to the aorta on either side of the

medullary tube, medial to the cranial ganglia. These capillaries

are connected by very fine sprouts with the dorsal aortfe (text-

fig. 14, V.C.M.) ; ventro-lateral to the auditory vesicle and lateral

to the nerve-roots, there is another line of scattered capillai-ies

connected with the vena capitis medialis. These are the first

traces of the vena capitis lateralis. Portions of the vena capitis

medialis can be traced in the region of the lateral heart-tubes as

far back as the Cuvierian ducts {i. e., the region of the third
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somite). Behind this again there are, as in Stage III., inter-
segmental offshoots from the dorsal aoita, but asyet no continuous;
vessel in this region.

Text-figure 14.

^A:
^C.Af^ -3<'

yif/=,

Perameles nasuta (2 P, A). Transverse section througli ventricular

region of the heart.

^2- Second aortic arch. ^.F. Auditory vesicle. J).^. Dorsal aorta. JE»i«i. Endo-
thelium. M.P. Medullary plate. My. Myocardium. V.C.M. Vena capitis-

medialis.

Text-fififure 15.

Perameles nasuta (2 P, B).

Longitudinal section, median through the anterior end of the embryo.

JEnd. Endothelium. P.P. Fore-brain. P.G. Fore-gut. M.P. Mid-brain.
M.M.P. Margin of medullary plate. My. Myocardium. O.P. OralJ'plate.

P. Pericardium.

In this stage the Cuvierian ducts are recognisable lying in'

the somatopleure opposite the third somite and immediately
Proc. Zool. Soc— 1915, No. XXXIII. 33
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dorsal to the heart-tube. The main trunk of each ends blindly
anteriorly and posteriorly and is of considerable size, causing a
bulging of the mesoderm of the somatopleure, which is thus
brought into contact with the mesoderm surrounding the heart-
tube. As yet, however, neither of the Cuvierian ducts opens
into the heart-tube. From the medial side of each Cuvierian
duct a few small capillaries are given off. Tliey run towards the
middle line and represent that portion of the anterior cardinal
vein which at a later stage connects the venae capitis medialis and
lateralis with the Cuvierian duct. (Compare PI. II. fip' 7

A.o.r.)
.

Stage IV., therefore, possesses alieart in which the endothelial
tubes have fused antei-iorly and curvature has already com-
menced. Two complete aortic arches, an incomplete vena capitis

medialis, traces of a vena capitis lateralis, and Cuvierian ducts
are present.

Stage Y. Perameles ohesula (10. viii. 03).

Macropus sp.

The material for this stage consists of five similar embryos of

P. ohesula, three cut transversely and two longitudinally, and one
embryo of Onychogale frenata (? Macropus sp.) cut transversely.

In several respects, e. g. curvature of the heart, the Onychogale
embryo represents a slightly earlier stage than Perwmeles ohesula

(10. viii. 03). For purposes of description, however, it will be
convenient' to deal first with the Perameles embryos, as a wax-
plate reconstruction was made of the heart and anterior vessels

of embryo A (PL II. figs. 6-8).

As regards general development, Perameles obesula {\Q . viii. 03)
shows only a slight advance on P. nasuta (IS) Stage III. The
brain has practically not changed ; the gut is in the same condition

except that the first visceral pouch is more extensive and closure

of the fore-gut has progressed back to slightly behind the auditory
vesicle.

In the vascular system, however, we find a most marked
advance, the heart having assumed a definite form with ventricular

and auricular divisions recognisable. Figs. 6 to 8 illustrate the

model of the heart and anterior vessels in this stage. The gut,

included to form a building base, is coloured white, heart endo-
thelium and arteries red, veins and most of the capillaries blue,

myocardium yellow. The myocardium is left intact on the left

half of the model from the roots of the aortic arches back to the

level of the anterior end of the Cuvierian duct, but has been
omitted on the right side so that the whole of the endothelial

tube is here exposed to view. The capillaries surrounding the

gut are also left intact on the left side of the model, but on the

right have been omitted in order that the aortic arches might be

seen more clearly. Study of the actual sections shows that the

capillaries of the right side closely resemble those of the left.
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The first and second visceral pouches are seen in the model as

lateral projections from the gut (figs. 6-8, V.P. 1 & 2). The
heart, which is median and ventral anteriorly, still consists of

separate lateral primordia posteriorly, the two halves diverging

in the lateral lips of the anterior intestinal portal (fig. Q,A.I.F.).

By the great enlargement of the heart itself, the pericardial coelom

has become relatively considerably reduced, and now simply forms

a space surrounding the heart ventrally and ventro-laterally

(text-fig. 18). The median pericardium extends from the

cephalic extremity of the heart to the anterior intestinal portal.

At their cranial ends the endothelial tubes (exposed in the

model by the omission of the myocardium) unite to form a broad
conical portion, the bulbus (conus) arteriosus. The first and
second aortic arches (A. 1 & 2) are given ofl:' from the dorsal side

of the bulbus (fig. 8, £.A., A. 1 &c.). In this region, the myocar-
dium simply forms a continuous layer covering the endothelium,

Text-figure 16.

Ferameles ohesula (10.viii.03).

A. Transverse section through bulbus arteriosus.

B. Complete outline of same section.

End. Endothelium of bulbus arteriosus. G. Gut. My. Myocardium.

but separated from it by a space (text-fig. 16). The bulbus is the

only portion of the heart in which the endothelial tubes have

actually fused. Behind it, the tubes are in contact as far back as

the anterior iiitestinal portal, but the wall between them is every-

where complete. The myocardium of the two sides has fused

throughout the region of the closed gut and there is no ventral

mesentery (text-figs. 16-18). There is, however, a very well

marked groove on the ventral aspect of the myocardium, which

marks the line of junction of the right and left halves. At the

opening of the gut the right and left heart primordia separate

completely.

From the ventral view of the model (PI. II. fig. 6) it is obvious

that already the heart has begun to bend between the two points

la) the roots of the aortic arches and (&) the opening of the fore-gut
33*
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The curvature, however, does not affect both sides equally, and a

marked asymmetry results. The anterior ventricular portions of

the heart-tubes are already being pushed backwards so as to lie

ventral to the auricular portions. It is clear that by continuation

of this curvature with accompanying fusion of the two halves,

the typical embryonic relations of auricle and ventricle will

ultimately be achieved.

In the ventricular region of the heart, the right and left endo

thelial tubes are approximately equal in size, but where there is

an inequality the right is the larger (text-fig. 17, End.)

Text-figure 17.

Ferameles ohesula (10.viii.03). Transverse section through the ventricular region

of the heart.

A^. Second aortic arch. A.V. Auditory vesicle. B.A. Dorsal aorta. JEnd. Endo-

thelium. lf.P. Medullary plate. My. Myocardium. V.G.L. Vena capitis

lateralis. V.C.M. Vena capitis medialis.

In addition to the curvature which is bringing the ventricular

region into position ventral to the auricular region, there is a

certain amount of 'curvature in the horizontal plane of the

embryo. '

'

In the right half of the heart, a definite constriction of the

endothelial tube marks the limit between the ventricular and
auricular portions. On the left side there is no such constriction.

Posterior to this constriction the right endothelial tube widens out

suddenly, reaching about three times its width in the constricted

region. The left endothelial tube in this region widens only very

slightly. The right and left heart primordia furthermore show
considerable asymmetry as regards curvature, for while the

portion of the left tube lying lateral to the open fore-gut is prac-

tically straight, the right tube in this region shows well marked
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curvature. (See PI. II. fig. 6.) Correlated with this difference in

the size and curvature of the endothelial tubes, the opening
of the fore-gut is also asymmetrical (fig, 6, A.I.P.). At the
anterior intestinal portal, the right and left primordia of the
heart separate, and both tubes become reduced in size, the right,

however, more markedly than the left. The endothelial heart-

tubes pass imperceptibly into vitelline veins.

A further distinction between the ventricular and auricular

portions of the heart lies in the fact that in the anterior region

the myocardium is separated from the endothelium by a con-

siderable space crossed by fine strands of protoplasm (text-fig. 17),

while in the posterior portion the myocardium is closely applied

to the endothelium (text-fig. 18). The transition between these

two conditions takes place gradually in the region of the atrio-

ventricular constriction of the right side.

Text-figure 18.

Perameles obesula (10.viii.03).

A. Transverse section through auricular portion of the heart.

B. Complete outline of same section.

End. Endothelium. G. Gut. Mi/. Myocardium.

Turning now to the blood-vessels, two aortic arches are complete.

Their relations are seen most clearly in the side view of the model
(PI. II. fig. 8, ^. 1 & 2). From the ventral view (fig. 6) it will be
seen that there are a number of capillaries lying against the gut-
wall, between the roots of the right and left mandibular arches.

These are probably derived from the scattered angioblast cells in

the corresponding position in Stage III., and are doubtless destined

to contribute to the formation of the median ventral aorta which
is established in the next stage (Stage VI.). The first aortic arch
runs forwards to the anterior end of the gut and is there connected
by a well developed loop, situated laterally to the apex of the
fore-gut, with the corresponding dorsal aorta. The aorta is paired
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throue-hout its length (PI. II. fig. 7, D.A.). From the anterior

convexity of the loop of the first arch there is given off on each

side a vessel which runs outwards and forwards and then breaks

up into series of capillaries which form a cup surrounding the

primary optic vesicles. These capillaries run round the postero-

lateral face of the optic vesicle to become connected dorsally

with the veins of the head (fig. 7).

The second aortic arch arises from the dorsal side of the bulbus,

runs backwards and outwards to loop round the gut in the hyoid

arch and to join the dorsal aorta (see PI. II. figs. 6-8, A. 2).

From the dorsal aort« posterior to the second aortic arch,

there arises a pair of small sprouts running outwards on the gut-

wall. These are the dorsal elements of the third aortic arch.

The best developed venous trunk of the head, viz. the vena

capitis medialis, is clearly seen in the dorsal view of the model

(fig. 7, V.CM.). Each is a small vein lying dorsal to the dorsal aorta

Text-figure 19.

/ici/.

Ferameles obesula (10.viii.03). Transverse section througt the Cuvierian ducts.

A.C.V. Anterior cardinal vein. CD. Cuvierian duct. B.A. Dorsal aorta. Mid.
Endothelium. 3£.P. Medullary plate. If.y. Myocardium. V.C.M. Vena
capitis medialis.

close against the neural tube (text-fig. 17, V.C.M.). Anteriorly
this vein runs into the dorsal aorta. In the model this is only
shown on the left side, but high-power examination of the
sections reveals a very fine capillary completing the connection
between the right vein and the aorta. Arising from the vena
capitis medialis in the anterior half of the mandibular arch is a
series of capillaries which are continuous with those surrounding
the optic vesicles. The brain here is widely open and its margin
is situated just to the outer edge of the capillaries. The latter

would accordingly lie medial to the neural crest were such present
in this region. In the region of the first visceral pouch there is

another line of capillaries lying lateral to the vena capitis medialis
and connected with it. From the anterior end of these capillaries

there runs outwards and forwards a vessel connecting them with
a group of capillaries lying in the mandibular mesoderm lateral
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and ventral to the gut. The vena capitis medialis runs back
alone for a short distance, and is then again connected with a
more laterally situated capillary. This capillary runs back from
this point to the level of the incipient third aortic arch, and then

runs latei'ally to be connected with the Cuvieiian duct which is

now well developed (fig. 7 & text-fig. 19J. On the right side of

the embryo this transverse connection is very incomplete, but not

quite so incomplete as would appear from the model, since the

diflSculty of building up these fine capillaries caused some to be

lost in this region. This vein, lying lateral to the vena capitis

medialis and to the primordia of the nerve-ganglia, is the vena
capitis lateralis of Grosser (6) and Salzer (17). From the vensB'

capitis medialis and lateralis the anterior cardinal vein is derived.

The auditory vesicle lies in the space between the venfe capitis

medialis and lateralis immediately dorsal to the second aortic

arch. Running in thehyoid arch area few capillaries apparently

corresponding with the much more conspicuous group in the

mandibular arch.

Text-figure 20.

Kci

Ferameles ohesula (I0.viii.03). Transverse section showing the connection of the

vena capitis medialis with tlie dorsal aorta.

D.A. Dorsal aorta. M.F. Medullary plate. V.C.M. Vena capitis medialis.

V.C.L. Vena capitis lateralis.

The Cuvierian ducts have increased considerably in size, and

that of the left side opens direct into the lateral heart-tube (text-

fig. 19, CD.). Behind the opening of the Cuvierian duct a single

small capillary runs posteriorly in the somatopleure representing

the future umbilical vein. The vena capitis medialis, it should

be noted, continues on after the lateral bend of the vena capitis

lateralis (fig. 7). The two are closely connected in the region of

the incipient third aortic arch.

One important point which is dijQficult to observe in the figures

of the model is shown in the sections of the embryo (text-fig. 20),

and that is the fact that the vena capitis medialis at irregular

intervals opens into the dorsal aorta.

In this stage, then, we find the ventricular and auricular
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portions of the heart differentiated. Fusion of right and left
primordia has only affected the myocardium and the cephalic ends
of the endothelial tubes. The two halves of the auricular portion
of the heart are wide aj)art.

Two complete aortic arches are present and one is in process of
formation. Yenae capitis medialis and lateralis and Ouvierian
ducts are all present.

It is not necessary to give a detailed description of the embryo
of Macropus sp., which is included in this stage, as it differs only
in certain points from the Perameles ohesula embryo described
above. In the degree of development of the gut and pharyngeal
pouches, as well as of the nervous system, the two embryos very
closely resemble each other.

^.C.L

Text-figure 21.

V.C.M. _^M.P

Macropus sp. Transverse section througli the root of the second aortic arch.

D.^. Dorsal aorta. JEwi. Endothelium. Jlf.P. Medullary plate. Ji";^. Myocardium.
Rt.A. Root of aortic arch. T.Gr. Primordium of trigeminal ganglion.

V.C.L. Vena capitis lateralis. V.C.M. Vena capitis medialis.

Two complete aortic arches are present, but there is no trace of

a third.

The vena capitis medialis resembles that of the Perameles
embryo. The vena capitis lateralis, however, is slightly less

advanced, being only recognisable in the region of the trigeminal
and facial neural crest proliferations, and not extending back as

far as the auditory vesicle. Ouvierian ducts are present, and the
right one at least opens into the heart-tube. The sections are
somewhat broken in this region, so that satisfactory observations
on the openings of the Ouvierian ducts and their relations to
the anterior cardinal veins are impossible.

The heart diffei^s in several respects from that of the Perameles
embryo. The genera] relations of heart and pericardium and the
mode of origin of the aortic arches are exactly the same in the
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two embryos. In the Maoropus embryo, as in Ferameles, the

myocardium is fused in the middle line throughout the length of

the closed gut. A slight groove mai-ks the line of fusion in the

posterior portion of the heart, but there is no indication of a

ventral mesentery at any point. The ventricular region of the
heart is distinguished from the auricular by the fact that in

"the ventricular portion a considerable space intervenes between
•endothelium and myocardium, whereas in the auricular portion

the two layers are close together. The limit between the two
divisions is further indicated by a constriction of each endo-
thelial tube, which then widens out abruptly to form the auricle.

Right and lefh endothelial tubes are united anteriorly in the

region of the bulbus arteriosus, just as in the Perameles embryo.
JBehind this again they diverge around the opening of the gut.

It may be noted that in the region of the widest divergence of

the endothelial tubes a fine bridge runs across and connects

the two.

The curvature, so far as it can be made out without reconstruc-

tion, is similar to that of the Perameles embryo. The asymmetry
appears to be less marked than in the latter embrj^o, but on this

point it is impossible to make a positive statement without recon-

struction. Throughout a considerable portion of its length,

however, the right endothelial tube is lax^ger than the left, just

as in the Perameles embryo.
The Macropus embryo then differs from the Perameles embryo

of a similar stage mainly in the configuration of the endothelial

tubes, which are joined at their cephalic extremity, then widely
separate for some distance (text-fig. 21), and then again approxi-

mated, though not joined. This difference, as well as the slight

differences in the myocardial wall, may very probably be due to

slight dissimilarity in the positions of the endothelial tubes and
the myocardium before union of the latter.

Stage VI. Macropus ruficollis.

The material for this stage consists of a single embryo of

Macropus ruficollis, cut transversely.

Greatest length of embryo, 5'2 mm.
Dorsal perimeter, about 13'5 mm.
The embryo is sharply bent in front of the fore-limb buds, so

that the head, invested by proamnion, is sunk doAvn into the yolk-

sac and forms an acute angle with the trunk. No trunk amnion
is yet developed. The brain, though open in the fore- and mid-
brains, is closed in the region of the hind-brain.

The gut is closed as far back as the third well-developed somite.

Three visceral pouches are present.

The heart shows a considerable advance on the preceding stage.

The right and left heart-tubes are fused except in the region of

the sinus venosus, where they remain separate, while the Cuvierian
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ducts, which ai^e now established as wide vessels, pass across the

coelomic cavity to open into the right and left heart-tubes (text-

fig. 22).

Curvature of the median portion of the heart has resulted in

the definite establishment of a U-shaped ventricular limb and an
auricular portion extending from the left dorsal side of the ven-

tricle posterior to its apex and separating, at the opening of the

gut, into the right and left halves of the sinus venosus.

Text-fiL^u^e 22.

/

1

j
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third pairs of aortic arches arise from the median ventral aorta

immediately posterior to its bifurcation. The second arch is

large, the third very small.

In correlation with the rapid development of the fore- and mid-

brains at this stage, the head-plexus found in Stage Y. (see PI. II.

figs. 6-8) has become extended into a long slender vessel, destined

to form the anterior part of the internal carotid artery and lying

on either side of the mid-ventral line in the fore-brain region.

As in the preceding stage, it anastomoses anteriorly with capillaries

arising from the vena capitis medialis.

Both venffi capitis medialis (text-fig. 22, V.CJL) and lateralis

are present, though neither can be traced continuously throughout

the head-region. The vena capitis medialis extends to the ante-

rior end of tlie brain, lying close to the medullary tube,_ dorsal to

the dorsal aorta and the internal carotid artery. It is discon-

tinuous in the region of the auditory vesicle, where no veins are

recognisable. Posterior to that, it runs back as a continuous

trunk to the level of the Cuvierian duct, and beyond this is

recognisable as a minute vessel lying close to the neural tube in

the trunk region.

Lying lateral to the primordium of the trigeminal nerve, there

are a few scattered capillaries which represent discontinuous

segments of the vena, capitis lateralis. Immediately posterioi: to

the primordium of the trigeminus, the vena capitis lateralis arises

from the vena capitis medialis and runs back as a small vessel

lying lateral to the root of the facial nerve. Vense capitis lateralis

and medialis are interrupted in the region of the auditory vesicle,

but both are present immediately posterior to it. At irregular

intervals on their course there are transverse communications

between the two veins. The vena capitis lateralis does not foi'm

a continuous trunk in the region posterior to the auditory vesicle,,

but immediately anterior to the point of separation of right and

left heart-tubes it increases markedly in size and is connected

by a wide anastomosis with the vena capitis medialis, which

becomes very small posterior to this level. The enlarged vena

capitis lateralis, or, as it may here be called, anterior cardinal

vein, passes ventro-laterally and, running alongside the dorsal

aorta for a short distance, finally opens into the Cuvierian duct

in the manner seen in text-fig. 22.

The umbilical vein is now present, running in the somatopleure

and opening into the Cuvierian duct.

In this stage, then, we have a heart in which fusion of tlie

right and left primordia has occurred except in the region of the

sinus venosus, and curvature has carried the auricular limb into

position dorsal to the ventricle. Three aortic arches are present^

ven^ capitis medialis and lateralis are well established though

discontinuous and open via the Cuvierian ducts into the sinus

venosus.
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Summary and Discussion,

A. Development of the Heart.

From the foregoing description it is evident that the early-

development of the heart in such Marsupials as Perameles and
Dasyurus proceeds along essentially the same lines as in Eutheria.
The early stages of the heart development in the latter have been
described by a number of investigators {e.g. Mollier (15) ) ; but
although the broad outline of the process may be said to be well
known, there is still considerable difference of opinion with regard
to certain points. It will be useful, therefore, before summarising
the preceding observations, to briefly review the literature on the
subject.

With regard to the lateral paired primordia of the heart little

need be said at this point. The heart endothelium arises between
the entoderm and the splanchnic mesoderm, from which latter

it is either partially or wholly derived. The primordia of the
heart-tubes are first recognisable in the hind-brain region and
grow forwards at the expense of angioblastic cells proliferated off

from the splanchnic mesoderm, which is itself thickened and
indented to form the primordium of the myocardium. It should
be noted that in the earliest stages examined (PI. I. figs. 1 & 2)
the endothelium lies to the medial side of the pleuro-pericardial
canals in the anterior region and to the lateral side in the pos-
terior region. To this point reference will be made subsequently
in connection with the discussion of the reversal of the peri-

cardium which, according to some authors, takes place at the
time of formation of the head-fold.

The processes which bring the lateral heart primordia into
position below the fore-gut relate primarily to the formation of

the head-fold, and it is therefore necessary to get a clear idea of

the mode of closure of the gut before considering the problems
relating to the fusion of the lateral primordia of the heart.

Some authors (e. g. Robinson (13) ) hold that the formation of
the fore-gut is due mainly, if not entirely, to the rapid growth
of the embryo over the relatively stationary line between the
embryonal and extra-embryonal areas. Thus Robinson (13) says :

" The orifice (of the umbilicus) is not reduced in size during the
early stages of development by the convergence of its margins
towards a central point. This being the case, no tucking off of

the embryo from the surface of the ovum can occur ; on the con-
trary, what does occur is almost the exact opposite of such a
process, for the margin of the area remains as a relatively

slow-growing region, whilst the embryonic and extra-embr^^onic
portions of the wall of the ovum rapidly increase in extent.
Under these circumstances, it follows that the margin of the
embi-yonic area will soon appear as a ring between the upper or
embryonic and the lower or extra-embryonic parts of the ovum,
both of which have expanded beyond it in all directions,"
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While the forward growth of the brain-plate doubtless plays

an important part in the initiation of the formation of the fore-

gut, this explanation does not account for the conditions revealed

by reconstructions of the gut and pericardium in the early stages

of head-fold formation.

On the other hand, various investigators (e. g. Rouviere (14),

Graper (4) ) contend that there occurs, in addition to the forward
growth of the brain-plate, a backward progression of the anterior

intestinal portal, whilst in older accounts an actual fusion of

lateral folds in the mid-ventral line was assumed. Both Robinson

(13) and Rouviere (14) give excellent reasons for regarding this

assumption as erroneous. They point out that if gut-closure

were effected by the fusion of lateral folds (such as are shown in

text-fig. 9), the heart would remain in connection with the gut by
a dorsal mesocardium and with the yolk-sac wall by a ventral

mesocardium. Robinson denies the existence of a ventral meso-
cardium in mammals, and quotes this fact in support of his theory
that the separation of the gut from the yolk-sac is due to growth
of the embryo rather than to fold-formation. Rouviere, on the
other hand, while he agrees with Robinson as to the absence of a

ventral mesocardium in mammals, gives a different account of

the process of gut-closure. He describes the formation of lateral

pleuro-pericai'dial canals which grow forwards round the anterior

end of the brain-plate and fuse to form a continuous cavity.

The splanchnopleure forming the posterior wall of the pleuro-

pericardial cavity now forms a contihvious fold which Roixviere,

following Tourneux, calls the "cardiac fold" (compare text-fig. 12,

C.F.) and which he describes as growing actively backwards as

a whole.

In the chick, on the other hand, a ventral mesocardium is

present, but this is due, as Robinson points out, to the relatively

late penetration of the mesoderm in the head region. The pleuro-

pericardial canals do not extend round and unite in front of the
medullary plate in early stages, but only at a later stage do they
penetrate into the floor of the fore-gut after that has been formed.
The lateral cavities therefore do not at once become continuous,

but remain separated from each other by a double layer of

mesoderm constituting the ventral mesocardium.
With regard to mammals, Rouviere, while he does not discuss

the influence of the forward growth of the brain-plate, concludes
that the crescent-shaped cardiac fold grows backwards as a whole,
and that the free edge of the splanchnopleural fold progresses

always in advance of the primordia of the heart, so that no fusion

of the splanchnopleure is involved and no ventral mesocardium
is formed.

Graper, in a description of the growth processes in the
developing chick, which he worked out by staining the living

embryos and keeping them under observation while still alive,

shoAvs that there is considerable evidence in support of the view
that the margin of the fore-gut (anterior intestinal portal) moves



488 MISS K. M. PARKER ON THE

backward concurrently with the forward growth of the brain-

plate. He gives a series of comparative measurements which

show that the rate of removal of the lip of the anterior intestinal

portal from the anterior end of the brain is greater than the rate

at which the brain-plate grows forward from a given fixed point

;

hence it is evident that the anterior intestinal portal must be

moving backwards.

Concurrently with the formation of the fore-gut, the lateral

heart-tubes come to lie ventrally to it, but do not at once fuse.

Wilson (20), in a paper on young human embryos, draws attention

to this fact and refers to the embryo of Perameles iiastcta, described

in this paper as Stage III., as exemplifying this condition ; but

he does not discuss the question as to how these lateral hearts

approach one another.

We may now consider the evidence afforded by the material

described above, and will endeavour to show that it is entirely

in accord with the view that there is actual backward growth of

the anterior intestinal portal, and that it is this process, and

not fusion of lateral folds, that brings about lengthening of the

fore-gut.

It may be noted here that in Perameles, as in the rabbit

(Rouviere), no ventral mesocardium is present at any stage, a fact

which, in itself, is a strong argument against the theory that gut-

closure is effected by the fusion of lateral folds.

If we compare a stage in which the head-fold has not yet

appeared (PI. I. figs. 1 & 2) with one in which a small portion

of the fore-gut is differentiated (figs. 3 & 4), we see that the pleuro-

pericardial ccelom not only moves backward relatively to the

brain-plate but also increases very considerably in width. It is

obvious that such an increase in size must either cause the

pericardium to extend peripherally or to close in towards the

axial line, and it is perfectly clear on comparison of figs. 2 & 3

that it is this latter process which is taking place. From a

longitudinal section, such as is shown in text-fig. 4, it is evident,

moreover, that such an expansion of the pericardium must involve

the backward growth of the splanchnopleural floor of the fore-

gut. If the lengthening of the fore-gut were due entirely to the

rapid forward growth of the brain-plate, there would be no such

inward closure of the pericardial region. Moreover, if we compare

fio-s. 2 & 3 (PI. I.), we see that in the earlier stage, the pericardial

coelom is situated peripherally to the margin of the brain-plate,

while in the second stage, the inner margin of the pericardium

lies in the lip of the anterior intestinal portal. Now the growth

in length of the brain-plate in the period between these two

stages would naturally give rise to a fold round its anterior

margin, but would not bring the pericardium into the position it

occupies in Stage II. (fig. 3), unless there occurred concurrently

with such growth in length either an increase in width of the

brain or an inward closure of the pericardium. Comparison

of figs. 2 & 3 again shows that while no increase in width of the
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brain-plate has occurred, the pericardium has actually closed

in towards the axial line. Precisely the same conclusion may be

reached from a comparison of figs. 1 and 4, but as the interval

between the stages is greater and the embryos ai-e not of the

same species, less importance attaches to them in this con-

nection.

It has alread}"- been remarked that, in the chick, the develop-

ment of the pleuro-pericardial canals occurs at a later period

than in the mammal, so that in this type the form of the head-

fold in early stages cannot be affected by growth of the

pericardium. If we compare the shape of the fore-gut in a chick

of two somites with that of Dasyurus Stage II. (text-fig. 23 A &
PI. I. fig. 3), we see that in the first stage of head-fold formation

in the bird, the outline of the anterior intestinal portal is broadly

Text-figure 23.

M.M.R

A.LR.

A.I.P

Anterior end of chick of (A) 2 somites, (B) 4 somites, to show the relations of the

head-fold, brain-plate, anterior intestinal portal and pleuro-pericardial

cavities.

A.I.P. Anterior intestinal portal. J?'. G". Fore-gut (outline). Jf.F. Medullarj-fold.

M.M.P. Margin of the medullary plate. F.p.C. Pleuro-pericardial cavity.

crescentic, while in Dasyurus it is U-shaped. This difference

I conceive to be due to the fact that in the chick, no factor but
tlie forward growth of the brain-plate is operating at this stage,

while in the mammal, in addition to this process, the expansion

of the pericardium is already bringing about the formation of

lateral folds and the consequent narrowing of the anterior

intestinal portal. A slightly later stage of the chick (text-fig.

23 B) shows an approximation to the mammalian condition, for

the pleuro-pericardial canals have appeared and are progressing

towards the middle line ; lateral folds have therefore arisen and
the outline of the anterior intestinal portal is U-shaped.

We may therefore conclude, that while the forward growth of
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the brain-plate initiates the formation of the head -fold, there

occurs concurrently with this process in the mammal, and at a

slightly later stage in the chick, a rapid expansion of the peri-

cardium and a consequent backward and inward growth of the

fold of splanchnopleure which constitutes the inner margin of

the pleuro-pericardial cavity.

Additional evidence is afforded by the study of the longitudinal

sections and reconstructions of Stages III. & IV. (text-figs. 12 cfe

15 ; PI. I. figs. 4 & 5). From the longitudinal sections, it is evident

that a great increase in length of the brain has occurred in the

mid- and fore-brain regions. If, therefore, the increase in length

of the fore-gut were due to elongation of the brain-plate, a corre-

sponding increase should occur in the portion of the fore-gut

lying below these segments, i. e. the portion anterior to the first

visceral pouch in Stage III. (fig. 4). Comparative measurements

of the gut in figs. 4 & 5 show, however, that no increase in length

has occurred anterior to the first visceral pouch. Moreover,,

growth of the medullary plate would not necessarily bring about

lengthening of the fore-gut unless it occurred along a straight line

representing the longitudinal axis of Stage III., i.e. unless the

brain remained unflexed. The positions of the auditory neuro-

mere in fig. 4 (opposite the second visceral pouch) and fig. 5

(opposite the first visceral pouch), show that the brain-plate

has moved forward relatively to the gut between Stages III. &
lY. If, now, we study the longitudinal section of Stage lY.
(text-fig. 15) we see the conditions resulting from the increase in

length and forward growth of the brain-plate. The gut has

increased in dorsi-ventral extent, the medullary plate projects

considerably anterior to the cephalic limit of the gut, and

flexure has occurred at two points ; that is to say, the rapid

growth of the fore- and mid-brains, instead of involving a longi-

tudinal stretching of the portion of the gut lying ventral to

them, has caused little or no increase in length of the embryo
along its straight long axis : the additional extent of the brain-

plate is accommodated within the limited space by flexure.

We see, therefore, that although the brain-plate lengthens

rapidly after the first establishment of the head-fold, we can safely

conclude that this does not cause elongation of the gut, for the

regions of greatest growth of the gut and brain-plate are not

correlated and the A^alue of the forward growth of the brain as a

factor in the lengthening of the fore-gut is largely rendered

niigatory by the occurrence at this period of the cranial flexure.

On the other hand, there is little difiiculty in interpreting the

progressive closure of the gut at this stage as being due to an

entirely different cause, for the median pericardium has extended

rapidly, its antero-posterior length in the middle line having

more than doubled in the short developmental period elapsing

between Stages III. and lY. (PI. I. figs. 4 & 5). As the anterior

margin of the peiicardium is in contact with the ectoderm of the

head-fold, the rapid expansion of the cavity naturally involves a
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closure inwards, towards the axial line, of the fold of splanchno-
pleure limiting the gut.

It is necessary now to consider the early development of the

heart in relation to the mode of closure of the gut described

above. It is evident, as Rouviere points out, that if gut-closure

be effected by the backward movement of the cardiac fold, no
ventral mesocardium will be formed at any stage in forms,

such as mammals, in which a continuous pericai-dial cavity is

present prior to head-fold formation. It remains to be considered
how the lateral primordia of the heart reach their position in

the dorsal wall of the median pericardium. Various authors, e. g.

Robinson (13), have assumed that as the head-fold forms, the

pericardium undergoes a complete reversal, so that its anterior

Text-figure 24.

Transverse sections tlirougli embr^-os oiDasynrus viverrinus,{^) Stage I. (7'5 mm.)i

(B) Stage II. (S'omm.), to show tlie direction of extension of the pericardial

cavitj".

D.A. Dorsal aorta. ^,t!i. Endothelium. M.P. Medullary plate.

P.p.C. Pleuro-pericardial canal.

wall becomes posterior and its ventral wall, dorsal. Of such a
process of revei'sal, the longitudinal sections figured here (text-

figs. 4, 5 & 12) give no evidence. Moreover, in the anterior

region of the pericaruium, the primordium of the heart on each

side of the embryo lies at or near the inner, medial margin of

its pleuro-pericardial canal, so that a reversal which affected the

anterior limb of the pericardium would indeed bring the heart

primordia into position ventral to the gut, but would carry them
also to the lateral mai-gins of the gut, a position which they do
not occupy.

On tlie other hand, if we take into consideration the fact that

Proc. Zool. Soc— 1915, No. XXXIV. 34
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the heart primovdia lie at the medial mai'gin of the pleuro-

pericardial canals, we see that the inward pi-ogression of the edge

of the splauchnopleural fold in the direction indicate<l by an
arrow in text-fig. 24 A, will bring about the conditions shown in

text-fig. 24 B. (Oompai-e also text-fig. 8, where the relations are

essentially the same and probably approximate more closely to

those in the living embryo.)

From this stage, it is evident that when the lateral limbs of

the pleuro-pericardial canals become incorporated in the median
pericardium by the backgrowth of the cardia.c fold, the heart

primordia will lie in the dorsal wall of the pericardium and will be

situated towards the middle line of the gut. (See text-fig. 8.)

Thus, as Rouviere (14) indicates in describing similar con-

ditions in the lubbit, the position of the heart primordia in

such a stage as is represented in text-fig. 24 B, is brought about
" by the inward extension of the lateral prolongations of the

cardiac fold." There is no evidence of reversal of the peri-

cardium, nor is there adequate ground for assuming that such

a process occurs.

We can, therefore, gain a clear conception of the way in

which the lateral heart primordia attain the position they occupy

in Stage III. (PI. I. fig. 4 ; text-fig. 8) lying side by side below the

closed fore-gvit.

In order to complete the history of the early development of

the heart, it is now necessary to consider the mechanism wliich

brings the heart-tubes into contact in the middle line.

If we compare figs. 4 and 5 (PI. I.) we see a.t once that Avliile

the pericardium has increased i-apidly in the anteio-posterior

direction, it has not increased in transverse width and, in fact, at

the point of closest appi'oximation of the heart-tubes, an actual

decrease in width has occurred ; that is to say, the pericardium

at this stage is growing in the antero-posterior direction at the

expense of its transverse width. Tlds fact suggests a simple

explanation of the approximation of the heart-tubes after gut-

closure, for it may be supposed that if the total width of the

pericardium is reduced by this process of sti"etching, the distance

between the heart-tubes will decrease until they meet each

other in the middle line *.

The heart-tubes, in the period following immediately on their

reaching the middle line, grow very rapidly, so that, in the next

stage (V.), we find various forms of curvature which serve to

accommodate the increased length of the heart. In the embryo
of Pe/rameles obesida described in this stage (PI. II. fig. 6), the

heart-tubes are in contact through a great portion of their length

and here follow a parallel curved course. The sejDarate heart-tubes

lying in the lips of the anterior intestinal portal, however, show
a marked difference from eaeli other both in their length and the

* The suggestion that the approximation of the heart-tubes is due to such a

growth in longth without compensatory growtli in width was made to me by
Professor Hill.
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form of curvature, the right pviuioi'dium being larger and more
markedly curved than the left. This asymmetry occurs to a
somewhat less extent in the Oiiychoyale embryo of this stage,

and also in a, number of embryos of Dasyurus viverrinas of about
the same stage, so that evidently at this period the right and
left primordia of the heart develop indepen<leutly of each other.

It may be suggested that the greater length of the i-ight heart-

tube is to be accounted for by the fact that it is destined to

form the convex, longer side of the completed ventricular

limb.

B. Development of the Cardinal Veins.

Before summarising the I'esults of my observations on the
development of the cardinal veins, more particularly the anterior

cardinals, it may be useful to give a short resume of previous

work in this field.

Hofimann (7) in 1893 described the development of both
anterior and posterior cardinals in Selachians by the formation
of a series of offshoots from the dorsal aorta?. These offshoots

become connected on each side to form a continuous longitudinal

trunk. He figures capillaries lying on both medial and lateral

sides of the auditory vesicle, but makes no comment thereon.

Salzer (17) in 1895 described the development of the anterior

cardinal veins in the guinea-pig. According to him, the first

vein of the head arises on the medial side of the cranial ganglionic

primordia. A vein next arises lying latera.1 to the ganglionic

primordia of nerves VII., IX. & X. and to the auditory vesicle.

This vein, which Salzer calls " vena capitis lateralis," communi-
cates with the medial vessel and seems to be formed fi-om a series

of lateral outgrowths from it. The medial vessel degenerates in

the region of nerves VII. to X., so that for a time there is a

condition in which the vein of the head runs medially to the
trigeminal nerve, then, passing laterally, runs outside nerves VII.,

IX. & X. and the auditory vesicle, and finally passes round the

medial side of nerve XII. before opening into the Cuvierian duct.

In subsequent stages, the process of development of the lateral

trunk is continued anteriorly and postei-iorly in the i/egion of

the trigeminal and hypoglossal. Thus the definitive anterior

cardinal vein runs laterally to all the cranial nerve-roots.

Grosser (6) in 1907 gave a similar description of the develop-

ment of the anterior cardinals throughout the vertebrate series.

He calls the vein lying medial to the nerve-roots the ve7ia capitis

medialis, and the lateral vessel the vena capitis lateralis. The
former develops first and lies close against the neural tube.

From it are given off lateral vessels which become connected on
the outer side of the nerve-roots to form the vena capitis lateralis.

The vena capitis medialis persists only at its anterior end, the

rest of the anterior cardinal being derived from the vena capitis

lateralis.

34*
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Turning now to the facts revealed by the foregouig study of

Perameles, we find both the venae capitis medialis and lateralis

present. In Stage III. the first traces of the venous system

of the head are present in the form of isolated segments of the

vena capitis medialis. Further, in this stage, in the region of

the somites, there is on each side a series of dorsal offshoots from

the dorsal aorta (text-fig. 11) partially connected to form an as

yet incomplete longitudinal vessel lying, like the vena capitis

medialis, close against the neural tube. This vessel Hofi'mann

(7) described as representing the primordium of the posterior

cardinal vein. It is worthy of note that whilst the origin of this

vein from the dorsal aorta is thus clearly demonstrated, no

connection between the anterior segments of the vena capitis

medialis and the dorsal aorta could be observed, even after

careful study of the individual sections under the high power.

In the next stage (lY. P. nasuta 2 P), however, the vena capitis

medialis, though not forming a continuous longitudinal trunk, is

recognisable throughout the head region and is connected at

irregular intervals with the dorsal aorta. Furthermore, the

vena capitis medialis in this stage gives ofi" lateral capillaries

which anastomose to form the primordium of the vena capitis

lateralis. In the somitic region we find again a series of inter-

sec^mental ofishoots from the dorsal aorta. The vense capitis

lateralis and medialis continue to develop side by side, giving rise

to the condition shown in PI. II. fig. 7 {V.C.L. and V.C.M.).

(See also text-fig. 25.) In this stage the dorsal aorta and the

vena capitis medialis are connected by small capillaries (see text-

fio-, 20) whilst anteriorly the two vessels pass into continuity with

each other*. From the material available it is not possible to

say definitely how these connections arise, but the facts suggest

that the vena capitis medialis is derived from the dorsal aorta.

This view is further supported by the existence in the trunk

region of a longitudinal vessel which is undoubtedly formed from

a series of outgrowths from the dorsal aorta (text-fig. 11). This

vessel apparently bears the same relation to the posterior cardinal

that the vena capitis medialis does to the anterior cai'dinals, i. e.

it ^ives origin to capillaries which contribute to the formation of

the posterior cardinal. The orighi of the vena capitis medialis

from the dorsal aorta cannot, however, be regarded as proved, for

in the first stage in which it is recognisable, no connection with

the dorsal aorta could be traced ; in the two following stages (IV.

and Y.) the connection is established and is lost in all subsequent

stages (e.g. YI.).

From the descriptions of Salzer (17) and Grosser (6) it seems

that in the forms which they have studied, the vena capitis

medialis fuses in its entirety with the vena capitis lateralis, and

* Professor Hatta tells me tliat he has found this condition also in the emhryo

of the lamprey.
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tlie anterior cardinal vein formed by the fusion of these two
vessels passes ventro-laterally to open into the Cuvierian duct.

This description is not, however, applicable to Peraineles. In
Stage V. (PI. II. fig. 7) the vena capitis medialis is continued

backwards into the trunk region of the embryo. The vena capitis

lateralis lies parallel with it and communicates with it repeatedly

in the anterior region ; it then diverges from it and constitutes

here the vessel usually known as the anterior cardinal vein,

opening into the Cuvierian duct. The posterior prolongation of

the vena capitis medialis continues as a small vessel lying alongside

Text-figure 25.

AC.K

Diagram of the relations of tlie veiise capitis medialis and lateralis to the

primordia of the nerves. Viewed from the dorsal aspect.

A. Stage V. Ferameles obestda (10.viii,03), B, Stage with twelve cranial nerves,

Perameles nasuta (13.vii.05).

A.C.V. Anterior cardinal vein. A.V. Auditory vesicle. CD. Cuvierian duct.

JEL.B. Hind-brain. V.CL. Vena capitis lateralis. V.C.M. Vena capitis

medialis. V. Trigeminal nerve. VII. Facial nerve. JJT. & JC. Common
root of glosso-pharyngeal and vagus nerves. JCII. Hj'poglossal nerve.

the neural tube in the trunk region. The Cuvierian duct arises

as a relatively large vessel lying in the somatopleure dorsal to

the posterior portion of the lateral heart- tubes. From its

posterior extremity there runs back a series of capillaries which
anastomose with capillaries arising from the prolongation of the

vena capitis medialis. From this line of capillaries^ which thus
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shows a double origin, the posterior cardinal vein is undoubtedly-
derived, but the details of the process of development of the
postcardinals cannot sa,tisfactorily be worked out in the material
available. The above account, however, agrees with that of
Evans (2) for the chick with regard to the origin of the post-
cardinal from capillaries derived partly from the Cuvierian duct
and partly from a vessel lying close to the neural tube.
The vena capitis lateralis in Stage Y. is connected anteriorly

with the primary head capillaries arising from the first aortic
arch and also with groups of capillaries in the mandibular and
hyoid arches (see PI. II. figs. 6-8).

In subsequent stages, the development follows the coui'se

described by Salzer (17) and by Grosser (5). Thus in a stage in
which twelve ci-anial nerves are established (Perameles nasufa,
13, vii. 05), the antei'ior cardinal vein runs medial to nerves Y.
and XII. and lateral to YII., IX., and X., and to the auditory
vesicle (text-fig. 25 B) ; i. e., the portion in the region of and
anterior to the trigeminal nerve and also that posterior to the
vagus, is derived from the original vena capitis medialis, the
intervening portion from the vena capitis lateralis. Traces of
the vena capitis medialis are, however, still present on the medial
side of nerves YII., IX., and X.

Florence Sabin (16), in a recent note on the development of

cardinal veins in the chick, supports the viev/ that the cardinal
veins are derived from the dorsal aorta. She, however, states :

" The part of the head vein which lies close to the neural tube
arises from the arch of the aorta and is a part of the vascu.lar

system of the central nervous system ; the caudal part of the
head vein arises directly from the aorta." In this respect my
results difl'er somewhat from hers, for in Perameles the vena
capitis medialis {i. e. " the part of the head vein which lies close

to the neural tube ") is present before there is any trace of the
capillaries arising fi'om the arch of the aorta (Stage III.). It is

indeed secondarily connected with these, but as is shown in

PI. II. fig. 7 (V.C.M.) it also extends up to the extreme anterior
end of the head in close relation to the dorsal aorta with which,
in fact, it fuses. Since this vein exists before the formation of
the head capillaries which connect it with the arch of the aorta,

it obviously cannot be derived from that arch.

In seems, therefore, that in Selachians (Hofimann (7)), the
chick (Evans (2), Florence Sabin (16)), and also in Perameles and
Ilacrojnis, there exists in the primary condition a. continuous
vessel lying close to the nerve-cord throughout its length. This
vessel is derived in the posterior and piobably also in the anterior
I'egion from the dorsal aorta. It contributes to the formation of
both anterior and posterior cardinal veins.

It may be concluded that the presence in early stages of a vein
lying close against the neural tube throughout its length is

correlated with the relatively great importance of the central
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nervous .system in these stages. The brain and spinal cord, being

the first organs to attain any considerable degree of development,

are naturally the first to receive a vascular supply, and both ven.e

capitis lateralis and medialis persist for some time, forming a rich

supply of capillaries to the brain and surrounding the developing

cranial nerves.

Final Summary and Conclusions.

Tlie facts revealed by the study of early stages in the

development of Marsupials point to the conclusion that while

the initiation of head-fold formation is in all probability due to

the forward growth of the brain-plate, there occurs also an active

backward growth of the anterior intestinal portal. Thi.s process

is associated with the rapid expansion of the peiicardiuui which
occurs at this period of development, and which brings about the

backward and inward growth of the layer of splanchnopleure

limiting the pericardium.

In the course of this inward closure, the pericardial cavity

extends to the ventro-latei'al and finally to the ventral side of the

lateral primordia of the heart, so that when the lateral portions of

the pericardium become incorporated in its median limb, the

heart primordia lie in the dorsal wall of the pericardium.

The approximation of the heart-tubes after gut-closure is

due to the fact that, at this period, the pericardium grows
rapidly in length and decreases in width so that the heart-tubes

are brought together by longitudinal stretching of the pericardial

wall lying between them.
Curvature of the heart is due to its rapid growth at a period of

less active extension of the pericardium.

The first two aoi"tic arches in Perameles ai-e typical, and the

development of the veins of the head resembles that process in

other mammals in that the anterior cardinal vein is derived from
persistent portions of two primitive head-veins, the venfe capitis

medialis and lateralis. The posterior continuation of the vena
capitis medialis also contributes to the formation of the posterior

cardinal vein and is itself derived from the dorsal aorta.
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EXPLANATION OP THE PLATES.

Lettei'iny

.

A. Auricle.

A.\, A. 2, A. 3. First, second and tliird

aortic arches.

A.C. Aiigioblast celL

A.C.V. Anterior cardinal vein.

A.I.P. Anterior intestinal portal.

A.JSf. Auditory neuroniere.

A.V. Auditory vesicle.

A.V.C. Auriculo-ventricular con-

striction.

S.A. Bulbus arteriosus.

CD. Cuvierian duct.

D.A. Dorsal aorta.

JEtid. Endothelium of heart.

F.G. Fore-gut.

G. Gut.
S.S. Hind-brain.
I.e. Internal carotid artery.

M.M.F. Margin of the medullary
plate.

III/. Mj'ocardium.
F. Pericardium.

P.p.C. Pleuro-i)ericardial canal.

T. G. Trigeminal ganglion.
V. Ventricle.

V.C.L. Vena capitis lateralis.

V.C.M. Vena capitis medialis.

V.P.I.,J".P.2. First and second visceral

pouches.

Pjlate I.

Figures 1-5 represent graphic reconstructions of the anterior ends of five embryos,
viewed from the ventral aspect and all drawn at the same magnification.

The outline of the gut is indicated b3' a broken line and its area is stippled,

except where it is covered by the pericardium. The limits of the peri-

cardium are indicated by a fine black line and its area is coloured grey.

The endothelial heart-tubes, the aorta and the aortic arches are coloured
red. The outline of the brain-plate is shown as a heavj' black line where-
ever it was possible to determine its limits. In the region of the neural-

crest proliferation in Stage I., the margin of the meduUai'y plate is

indistinct ; a dotted line here indicates its probable outline.

The outlines of the gut, pericardium, and brain-plate were plotted on one
side only, and the second side is a duplicate of the first, except in the case

of figure 1 {Perameles obesula 1 Z), where the pericardium was plotted on
both sides, as in this instance onlj' was anj' marked asymmetry observed.

Fig. 1. Stage I. Perameles obesuJ-a (IZ).

— 2. „ I. Dasi/nrus viverrintis (7"5 mm.).
3. ,, II. D. viverrinus (^i'bvara.).

4. „ III. P. nasuta (1 S).

5. „ IV. P. tutsid-a (2 P).

Plate II.

Figures 6-8 represent three views of the wax model of tlie heart and gut of
Perameles obesula (10.viii.03) Stage V. The gut is painted white, heart
endothelium and arteries red, veins and most of the capillaries blue, and
myocardium yellow.

These three figures were painted by Miss E. A. Steele.

Fig. 6. Ventral view of model of P. obesula (10.viii.03).

7. Dorsal view.

8. Lateral view.
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Diolenius albopiceus, sp. ii 504

Telamonia vidua, sp. n 505

T. mandihulata, sp. n 508
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The spiders herein described complete the record of the

collections made by the above named Expeditions kindly entrusted

by the promoters to my care. The paper in which I described

the bulk of the collection appeared in Vol. XX. Part 14, of the

Transactions of this Society.

This interesting addition to our previous knowdedge includes

some very beautiful forms of the exqiusitely spangled varieties

which in their small bodies rival the coloration of the brilliant

bird fauna in which New Gviinea is so rich. In spite of the

considerable amount of work devoted of late years by many able

contributors to collections brought from that country, it is evident

that much remains for future explorers before its numerous
species are exhausted. The proportion of new foi-ms to those

already known among these is about three to one.

Family S A L t i ci D .E.

Section Pleuridentati.

Group BOETHE.E.

BOETHOPORTIA, geu. nov.

Boethoportia differs from Portia Kaisch in having the front

row of eyes straight along the upper edges and the rear row as
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wide as the front row, and from Boetheus in having the femur,
patella, and tibia of the first pair of legs stouter than the others,

fimbriations of long bristles at least on the tibia of the same, and
the metatarsi and tarsi of all legs very fine, the former at least

as lonij as the tibiae.

BOETHOPORTIA OCELLATA, Sp. n. (Text-fig. 1.)

1 male and 1 female. {Types of the species.)

Female. The cephalothorax is bi'ight chestnut-red, black round
the eyes with sparse white hairs; mandibles red-brown with pale

red fangs ; lip and maxillfe red-brown, paler at the front edges,

with yellowish-grey fringes. Sternum also red-brown with

Text-fio-ure 1.

Boetho;portia ocellata, gen. et sp. n., $ .

a., cpigj'iie; h., profile; c, male palp ; d^ mandible showing teeth.

yellowish-grey hair. Coxae red-brown ; femora brown under-

neath, with yellow patches on the upper side ; tibia? brown, with

a yellow band in the middle and long brown bristly fringes.

Metatarsus and tarsus yellow, with hei-e and there patches of

white hair. The abdomen pale yellow at the base, the remainder
with large greyish-yellow spots on a brown gound ; the underside

is also brown with yellow spots, the hairs grayish-yellow on the

pale parts, brown on the darker portions-

The cephalic part of the f^phalothorax is flat over the eye-space.
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slightly sloping forwards, from the eyes it slopes steeply clown

to the margin at the sides and rear. The thoracic part is barely

one-half the length of the cephalic, and the rear slope is deeper

than the whole length of the cephalothorax.

The front median eyes project forward on black rims. They
are three times the diameter of the laterals, which stand back

somewhat, but are level with the former along the upper margins.

The eyes of the rear row are of the same size as the front laterals.

The usually small eyes of the median row have a diameter two-

thirds the length of these ; they are rather nearer to the front

lateral than to the rear eyes and are somewhat closer together

than either.

The abdomen is broadly ovate, straight and widest in front

;

the spinnerets are terminal, the superior having a conical second

joint. The epigyne is roughly triangular, rounded at the apex

and incurved in the middle of the base-line, with horizontal oval

apertures at the lower corners.

Male. Similarly coloured to the female.

The measurements (in millimetres) are as follows :

—

Long.

Cephalothorax ... 3|

Abdomen ... 6

Mandibles 2

Coxa.

Legs 1." li

2. 1

3. 1

4. 1

Palpi ^

Female.

Broad.

f 2| in front.
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Group DlOLENTE.*:.

Genus DiOLENius Tlior.

Thorell, European Spiders, 1870, p. 203.

E. Simon, Hist. Nat. des Ar. vol. ii. 1901. p. 480.

DiOLEXIUS ALBOPICEUS. sp. n. (Text-fig. 2.)

1 female. {Type of the species.)

Female. The ground-colour of the cephalic part is black-brown
with white hair at the sides and round the eyes, greyer and finer

inside the eye-square. The outer margin of the thoracic part is

dark yellow-brown, but across the middle is a broad white-haired
transverse stripe.

Text-figure 2.

Dioleniiis albopiceus, sp. n., $ .

a., sternum, coxic, and trochanters ; i., eyes from iu front ; c, eyes from above
j

rf.,epigyuB; e., profile.

There ai-e also three unbi'oken wide transverse stripes across
the abdomen, one near the front, one in the middle, and one at
the posterior end.

There are seven pairs of spines on round roots on the under
side of tibia i., but no row of long hairs between them as in
If. amplectens, and five pairs of spines under metatarsus i.
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The measurements (in millimetres) are as follows :

—

Long. Broad.

Cephalothorax... 2| -^ , |

Abdomen '3k 2

Mandibles |

Tr. & fern. Pat. Metat.
Coxa. ,-._A—^ & tib. & tars.

Legs 1. 1 U 2| 3| 3 = Ilk

2. 1 2i
. 2 2 = 6^V

3. k 2 2 2 = Qk

4. I 2| 3 3 = 9}^
Palpi i 1 I I = 2f

Of the half-dozen somewhat similar species described by Thorell

from New Guinea and the neighbourhood, this is nearest to

D. amplectens Thor. (Ragni Aust.-Malesi, 1881, p. 412 et seq.).

It difi'ers theiefrom in having the front row of eyes more re-

curved, the line touching the upper edges of the median cutting

the side eyes at a point near the lower margins ; the diameter

of the median is slightly more than twice that of the side eyes.

It difi'ers from D. phri/noicles Walck. in having the tibia of the

front pair of legs cylindrical instead of club-shaped, and without
any iimbriation on the under side.

D. fasciatus Thor., the coloration of which is somewhat similai*,

has (according to that author) eight pairs of stout spines under
tibia i. and only two pairs under metatarsus i.

Section XJnidentatae.

Group Chrysille.e.

Genus Telamonia Thor.

Thorell, Ann. jNIus. Gen. ser. 2, vol. v. 1887, p. 385.

E. Simon, Hist. Nat. des Ar. vol. ii, 1901, p. 552.

Telamonia vibua, sp. n. (Text-fig. 3.)

1 female. {Type of the species.)

Female. The cephalothorax is black, sparsely covered with white
squamovis hairs and upiight black and white bristles over the

eye-space, on the clypeus they are greyish-white. The mandibles
are black, paler about the falx-margin, the fangs dark red-brown.

Lip, maxillfe, and sternum black-brown with grej'ish hair. The
legs yellow-brown underneath, the coxa? quite bright yellow, but
the first three pairs of femora are dark yellow-brown on the

upper side. The abdomen is black above with upright giey liairs

and bristles, a white aiea of squamovis hairs at the base, and two
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similarly haired transverse bands broken in the middle, one
about the middle and the other near the posterior end. On the

under side, a black oblong area with a pale yellow-brown border

reaches to the sides.

The eye-space slopes forward and covers about two-fifths the

length of the cephalothorax. The latter is convex, high, and
slopes from the rear eyes to the posterior margin.
The rather large triangular tooth on the inner margin of 'the

falx-sheath, though not far from the base of the fang, terminates

the chitinous rim, the margin being cut away below it. The two
teeth on the outer margin are further down and stand at the

normal end of the same. The abdomen is ovate, rounded in

front, and tapers at the postex'ior end.

Text-figure 3.

Telamonia vidua, sp. ii., ^ .

«., male?; 6., inaudible showing teeth; c, male palp; c?., epigyne;

e., profile.

The rear row of eyes is not quite so broad as the front row,

and narrower than the cephalothorax at the point where it

crosses the latter. The front row is recurved ; the side eyes

half the diameter of the median, standing a little away from the

latter. The lip is longer than broad ; the maxillae, upright,

rounded anteriorly, and thickly covered with bristly hair, are less

than twice as long as the lip. The sternum is ovate, truncate in

front, where it is twice as wide as the base of the lip.

Under metatarsus i. are two pairs of spines, one near the base

and another at the anterior end. There are two spines above

on femur iv., one small on the outer side of the patella, two
pairs on the tibia, two single ones on the outer side and a bunch

at the anterior end of the metatarsus, all of moderate size.



FROM DUTCH NEW GUINEA. 507

The measurements (in millimetres) are as follows :

—

Long.

4Cephalothorax. .

.

Abdomen
Mandibles

Broad.

2^ in front.

3|

Legs 1.

2.

3.

4.

5

2

Coxa.

1

1

n
u

Tr. & fem.

31

3

3

Pat.

& tib.

H
Q3

4i

U

Metat.
& tars.

H

H

= ii|

= 10

= 13f
— %Palpi I

Male. A somewhat broken specimen, almost similar in colour-

ing to the above, appears to be of the same species but, as in

other cases, the first pair of legs is the longest instead of the
fourth. The shape of the cephalothorax and positions of the
eyes are similar as also the falx-sheath teeth, but the lip is rather
broader, making it as broad as long. The coxse have thick white
hairs at the ends adjoining the trochanters.

The white pattern on the back of the abdomen is formed of

scales in two rows of rather large spots disposed longitudinally

instead of transversely, and the pale bordering on the under
side is less distinct than in the female. There is a row of

eleven spines on the anterior half of tibia i. underneath as in

T. trahifera Thor. and allied species.

The measurements (in millimetres) are as follows :

—

Cephalothorax

.

Abdomen
Mandibles . .

.

Legs

Palpi

Long.

1

Coxa.

1

1

1

1

Broad.

2| in front.

U

Tr. & fem.

^2

3

3

u

Pat.

& tib.

2i

2|

Metat.
& tars.

3

2i

2f
3

1

Hi

9|

3^

In ' Ragni di Selebes,' p. 251, Dr. T. Thorell described a male
from Kandari which he named Telamonia (Moevia C. L. Koch^
1848) latruncula. This is apparently very closely akin to the
above female, but differs in having a white marginal fillet round
the cephalothorax, and elsewhere being brightly coloured red,

blue and green, and having the lip 1^ longer than broad. The
Proc. ZooL. Soc—1915, No. XXXV. 35
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legs are shorter, but in about the same proportion as in this

female.

Either that or the above described male appears near enough
to belong to the female, but of course the pair above described is

known to be from the same neighbourhood.

Telamonia mandibulata, sp. n. (Text-fig. 4.)

1 male. {Type of the species.)

Male. Cephalothorax black-brown, with white squamules over
the eye-space intersper.sed with a few upstanding black bristles

;

the mandibles are black-brown. The lip and maxillfe brown with
reddish fringes. The sternum dark brown with greyish-white

Text-fi,2:ure 4.

Telatnonia mandibulata, sp. n., (J.

«., eyes ; h., mandibles, lip, and maxillae ; c, male palp.

hair. Of the coxae, which are all contiguous, the first pair are
brown, the remainder bright yellow. The abdomen is black-
brown on the upper side, with upstanding white bristly hairs and
a fillet of white sc[uamules round the base and sides ; inside this

are two rows of large spots of the same arranged longitudinally
from a little before the middle to the rear end ; u.nderneath it is

a dull 3^ellow-grey. The front pair of legs is brown all over
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with the exception of a pale yellow ring at the distal end of

the tibial joint. The other legs are yellower. They are all

sparsely furnished with white almond-shaped scales and up-
standing pale yellow-brown hairs. The palpi are as dark as the
first pair of legs.

The cephalothorax is about one-fifth longer than broad, flat on
the eye-space, highest at the level of the rear row of eyes, whence
it slopes slightly forward and steeply to the mai'gin all round.
The eye-space, broader than long, extends to nearly one-half the
total length ; it is slightly narrower at the rear than at the
front. The eyes are all ringed with wide black margins. The
small eyes of the median row are about midway between the
rear and the front side eyes. The clypeus is one-third as wide as

the diameter of the front median. The front row is recurved,

the side eyes being slightly separated from the median which
are close together.

The mandibles are perpendicular, convex on their outer side.

At a short distance from their insertion below the clypeus they
begin to widen out towards the anterior end, where they are

twice their width at the base. The total thickness at the anterior

end, in addition to the space between the inner and outer

margins of the falx-sheath, comprises a superimposed raised area
reaching from near the outer margin to the corner farthest away
from the base of the fang, where it ends in a large prominence.
Between this and the normal falx-sheath margin it is hollowed
out. On this secondary outer margin is a small fringe. The
usual falx-sheath is wide and deep, the inner margin terminating
in a large conical tooth at its lower end, from here to the base of

the falx the thickness is considerable.

The lip is longer than broad ; rounded anteriorly and narrowed
at the base for about one-four-th of its length, it is remarkably
convex, the middle being a considerable height above the level

of the margins. The maxillse are upright, rounded anteriorly,

narrowed at the base, about twice as long as the lip, and as broad
as the latter is long. They are also very convex, being raised to

the middle of their area in successively smaller layers, and termi-

nating at their greatest convexity in a small boss.

The sternum is ovate, truncate anteriorly, where it is wider

than the lip ; the front coxae are clearly longer than the others.

The abdomen is ovate, with rather long terminal spinnerets.

There are two spines above on femora i. and ii. One weak
spine on the inside of each patella, one pair at the base of tibia i.,

two single on the outer side, and a row of eleven on the anterior

half of the inner side of the same. Four pairs under tibia ii.,

one pair and an anterior bunch on metatarsus ii.

The tibial apophysis of the palp is broad at the base but tapers

to a fine point. The distal joint is short and broad near the

base, rounded at the sides and square at the anterior end, with

a short stigma springing from a hollow above the bulb. The
patella is as long as the tibia.

35*
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Long. Broad.

3 in front.

The measurements (in millimetres) are as follows

:

Long. Broa

Cephalothorax... 4g
|
qi

Abdomen 4| 2^

Mandibles 2^
Pat. & Metat.

Coxa. Tr. & fem. tib. & tars.

Legs 1. li 41 5 41 = 15^

2. 1 31 31 3 = 11

3 1 31 31 4 = 12

4. 11 4 4 41 = 13|

Palpi 1 2 11 11 = 51

The legs are of about the same proportion as those of T. scalaris

Thor. from Ternate. The species resembles T. trabifera Thor.

and some others in the row of 11 spines on the side of tibia i.

(Thorell, Ragni Austro-Mal. 1881, pp. 477 & 480), but differs

from all in the extreme convexity of the lip and maxillae, and the

shape of the mandibles.

Group Saite^.

Genus JoTUS Koch.

Jotus L. Koch, Die Arach. Austr. 1881, p. 1243.

JoTUS IGNEUS, sp. n. (Text-fig. 5.)

1 male, 1 female. {Types of the species.)

Female. The cephalothorax is pale red-brown, moderately

thickly covered with i-ecumbent yellowish-white hair and on

the eye-space with upright white bristles ; round the margin of

the front eyes are fillets of curly white bristles and much longer

ones of the same colour on the clypeus.

The mandibles are yellow-brown, darkest on the anterior

margins, Avith the fangs brown at the base and pale red at the

anterior half.

The lip and maxillse are orange with dark yellow fringes, the

sternum and coxfe paler yellow with yellowish-grey hair. The

legs are bright yellow, the front pair being rather the darkest.

The abdomen above is pale yellow, with smooth silky white

hair. Along each side a row of large brown spots forms a broken

line nearly continuous at the rear end : on the under side is a

wedge-shaped brown area extending from the genital fold to just

above the spinnerets. The front and sides are the same colour as

the upper side. The spinnerets and basal portion of the epigyne

are darker yellow.

The front row of eyes is recurved, slightly wider than the

rear row, which is narrower than the cephalothorax at that part,

and the small median are midway between the rear eyes and the

front laterals.
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The single flat triangular tooth, about the middle of the inner
falx-sheath margin, is particularly large, and the anterior tooth
of the outer margin is also rather large.

There is a row of three short spines in front of each femur
above, with two single spines about the middle. On the under
side of tibia i. and ii. are three pairs of long powerful spines
and two smaller spines on the inner side ; on metatarsus i. and ii.

underneath are two pairs of long spines ; on metatarsus iii. and iv.

are a pair near the base and a bunch at the anterior end, and
on tibia of same two above, two on the side, and a pair under-
neath. On the femoral joint of the palp are two spines, on the
patella one on each side, on the tibia one above, and on the distal

joint one below.

Text-fio-ure 5.

Jotus lyneus, sp. n., $

.

a., female ; h., eyes and mandibles of female ; c, mandible showing teetli of male

;

d., epigyne of female; e., male palp; f., Plexippus paykulli, epigyne of

female.

Male. Similarly coloured to the female, the sides of the cephalo-

thorax being, however, darker brown and the brown stripes on
the abdomen continuous ; the brown area on the under side also

begins quite at the base. On the front pair of legs the femora
are darker than on those of the others. The distal end of the
tibiae and metatarsi are also rather darker.

The male palp is of the same pattern as that of J. auripes

L. Koch, but the epiphysis is not serrated, nor are the bristly hairs
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nearly so thick and long. The pattern of the cephalothorax
differs in having pale median and marginal stripes, with a
darker yellow-brown area between, instead of black, and the
median area on the upper side of the abdomen pale instead of

dark. Its larger size also distinguishes it from the former.
It will be seen from the measurements below that in the male

the first pair of legs is longest, while in the female it is the fourth
pair. There is no appreciable difference in the length of the
tibia and patella iii. and iv. in the female, while in the male those
joints in the fourth pair are only very slightly longer.

The measurements (in millimetres) are as follows :

—

Male. Female.

Loiio Broad. Broad.

Cephalothorax. .

.

Abdomen
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Menemerus payliulli Keyserling, Die Arach. Aust. 1883, p, 1425^

pi, cxxiii. fig. 4.

Plexippus paykidli T. Thorell, Ragni Indo-Mal. 1891-2, p. 369.

1 male and 3 females.

Collected from Spain and Africa ; also, according to various

authorities, round the world eastwards and, according to F. 0. P..

Cambridge, in S. America.
It is impossible to compare Doleschall's drawing of S. culi^

civorus with a recognised female specimen of P. payktdli without

feeling that it must have been drawn from the same, and Thorell

apparently arrived at this conclusion (Eagni Indo-Mal. 1892,.

p. 370). In his description, which is quite short, Dr. Doleschall

says that the legs are in the order 4 3 2 1, while it is certain that

the second pair is the shortest.

The patella and tibia iii. are of the same length as patella and
tibia iv,, and the rear row of eyes in the female is slightly shorter

than the first row, while in the male it is quite clearly so.

Von Keyserling gives an excellent drawing of the male and!

adds what he says is the epigyne of the female ; the latter, how-
ever, is quite unlike those of specimens in the British Museum
(Natural History), which resemble the above. (See text-fig. 5, /.)

Group ZenodorEjE.

Genus Zenodorus Peckham.

EpMppus T. Thorell, Ragni Aust.-Mal. iii. p. 643 (1881).

Zenodorus G. & E. Peckham, Proc. Nat. Hist. Soc. "Wise. vi.

p. 287 (1885) ; E. Simon, Hist. Nat. des Ar. vol. ii. 1901, p. 656.

Zenodorus d'urvillii Walck.

Attus d'urvillii Walck. Hist. Nat. des Ins. Apt. i. p. 459

(1837).

EpMppus d'urvillei T. Thorell, loc. cit. p. 653.

Zenodorus d'urvillei G. & E. Peckham, loc. cit. ; id., E. Simon,

loc. cit.

1 male.

This male seems clearly to belong to this species, agreeing

with Thorell's elaborate description, and showing the first pair

of legs longest, though not so long in proportion as in some later

described species. The mandibular tooth on the inner margin is

conical and quite large if the soft basal portion is taken into

consideration, and only "very minute" if you reckon the point

alone, which is darker and harder. The mandibles are hollowed

out in the middle of the inner side, much corrugated, and the

stout base of the short curved fang occupies the whole of the

anterior end of the falx.

A raised flat rim at the front of the clypeus seems a feature in

this genus Zenodorus ; it is not quite so well defined in the female

as in the male.
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The measurements (in millimetres) are as follows :

—

Long. Broad.

/^ u 1 j-i, A f 2Tr in front.
Oephalotnorax... 4: < ^^

Abdomen 5 2^

Mandibles 2

Pat. Metat.
Coxa. Tr. & fem. & tib. & tars.

Legs 1. 11 4 2, 3A 2|, 1 = 14J

2. 1| 3 21
'

~2| = 9^

3. 1 4 1, "2i 21, I = Hi
4. 1| 3 I,

21 2, 1 = 101

Palpi 1 2 1 11 = 5

Zenodorus danae, sp. n. (Text-fig. 6.)

8 males and 10 females. [Incliidhtg the types of the species.)

Female. Oephalothorax black-brown, with very brilliant green,
red, and yellow iridescent scales at the sides and rear of the
eye-space, with a few scattered here and there between the eyes

Text- figure 6.

d.

b.

Zenodorns danae, sp. n., $ .

a., female; h., epigyne; c, male palp; d., mandible showing teeth ; e., profile.

and on the clypeus. The mandibles, lip, and maxillae are dark
red-brown with brown bristles and upright, flat, club-shaped,
pearly-white iridescent hairs. The sternum, though dai-k, is

more yellow-brown, with pale grey hair.

The legs and palpi are bright orange-yellow, with brown spines
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and bristles. The two rear pairs of legs darken into yellow-brown
on the upper sui'face of the tibial and metatarsal joints. The
abdomen is black-brown on the upper side ; on the basal area,

along the sides of the rear half, and in a procurved fillet across

the middle, is a pattern formed of the green, red, and golden

scales.

The under side is pale yellow-brown without any pattern.

The eye-space is two-fifths of the total length of the cephalo-

thorax ; the rear row is as broad as the front row, which is

recurved ; the cephalothorax at the rear row of eyes, its broadest

part, considerably exceeds them in breadth. The clj^peus is less

than one-half the diameter of the front median eyes and termi-

nates in a thick flat marginal rim. The mandibles are short,

stout, and conical, the fang very thick at the base ; on the inner

margin of the falx-sheath the chitinous rim is continued only a

short way down as far as a conical tooth : this, though rather

small, is not " very minute," and below it the side is hollowed

away. On the outer margin are two points on a single base and
a thick fringe of bristles. The lip is as broad as long, rounded
anteriorly, half the height of the maxill8e, which are upright,

convex, broad, and rounded on the outer side. The first pair of

coxae, slightly wider apart than the breadth of the lip, are' longer

than any of the others.

The abdomen is oval, about twice as long as broad.

There are two pairs of stout spines on the under side of meta-
tarsus i. and similar smaller ones under metatarsus ii.

Three pairs of spines under tibia i. with two single spines on
the inner side. One on each patella. On femora iii. and iv. there

are 1, 1 spines above, and numerous spines on the tibiae and
metatarsi.

On the inner side of the patella, tibia, and metatarsus i. there

is a thick fringe of bristles.

The front pair of legs are stouter than the others.

The vulva consists of two broad oval depi-essions side by side,

separated by a narrow ridge with two other shallower and
smaller foveee below the first pair, the whole on an elevated,

rather square area.

The measurements (in millimetres) are as follows :

—

Long. Broad.

3 in front.
Cephalothorax... 5 < .

Abdomen 6 3

Mandibles 2
Pat. Metat.

Coxa. Tr. & fem. & tib. & tars.

Legs 1. 1| 4 4 3 = 12A

2. 1 3i 3 2| = 10

3. 1 4 4 3A = 12J

4. 1 3i 3 H = ll"

Palpi i 1| U li = 5
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This species would seem to be rather close to Z. julia Thor.

(1. c. p. 650), which it resembles apparently in the pattern of
brilliant scales on a black ground and the form of the epigyne,
but differs from it in the much more even lengths of the legs,

the third pair in Z. julia exceeding the first and fourth by 2^ and
3 1 millimetres respectively, and being also dai'ker in colouring.

It is much paler in colour, larger, and the legs i. and iii.

are nearer the same length, than in Mr. Pocock's Z. variatus
(Willey, New Britain, etc., vol. i. 1899, p. 117). It differs also

from Z. cVurvillei (Walck.) in the much brighter colouring and
absence of rings on the legs, while the pattern of the epigyne
differs from that drawn by Yon Keyserling (Die Arach. Aust.
pi. cxx. fig. 4 d).

Males. In most respects these agree so closely Avith the
females described above and are represented by so nearly the
same number of specimens in the present collection, that it is

difiicult to avoid the conclusion that they are males of the same
species. The chief difference is that the front pair of legs are
much longer than the others, a fact which does away with one of

the characteristics of the genus, in which the third pair of legs

are said to be much longer than the others. Were it not, how-
ever, for the special enlargement of the first pair, the third would
be the longest.

The clypeus is not quite so broad as the diameter of the fi'ont

median eyes, the rear row is as broad as the front row. The
eye-space slopes forward, and from the hinder row the thoracic

part slopes steeply to the rear mai'gin.

The mandibles are flatter than in the female, both the outer
and inner sides being strongly corrugated transversely. The
tooth on the upper margin is of moderate size ; the inner margin
of the falx-sheath is cut away to about one-third of the length of

the outer margin and exists only for a short distance near the
base. The lip is as broad as long, rounded in front, hollowed
out on either side of the base, and transversely corrugated.
The sternum is three-fourths as wide as it is long, truncated in

front, and the coxas are as far apart as the greatest width of

the lip. The male palp has a flagellum in about three spirals at

the anterior end of a plain oval bulb.

The front pair of legs is strongly fimbriated on the under side

of the patellar, tibial, and metatarsal joints. The cephalothorax
and abdomen are black-brown, with a pattern of opalescent pearly

scales.

Under metatarsus i. are two pairs of stout spines, but none at

the side. Three pairs under tibia i. One spine each on patellae

iii. and iv., and a bunch at the anterior end of metatarsi iii.

and iv.
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The measurements (in millimetres) are as follows :-

Long.

Cephalotliorax ... 5

Abdomen 6

Mandibles 3

Coxa.

Legs 1. 21

2. If

3. 11

4. U
Palpi I

Zenodorus rhodope, sp. n. (Text-fig. 7.)

2 males and 2 females. [Including the types of the species.)

Males with one tooth on inner margin of falx-sheath.

Females with two teeth on inner margin of falx-sheath.

Female. The cephalothorax is dark yellow-brown on the
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intervals about the eye-space. The thoracic part is nearly black-
brown to the sides of the posterior margin. On the clypeus are
long white upstanding bristles.

The mandibles are dark red-brown, with a paler patch at the
lower inner margin of the falx. The fangs red-brown. The lip

and maxilljB dark brown, yellow-brown at the margin with
yellowish-brown fringes. The sternum is j^ellow-brown. The
coxae bright yellow. Legs and palpi as described for Z. syrinx.
The abdomen on the upper side is dark greyish-brown, covered

round the sides and base thickly, in the central area more
sparsely, with peai'ly-white squamules and upstanding brown
noi-mal hairs. On the under side it is much more thickly covered
with short, upstanding, white bristly hair ; the spinnerets are
the same ; the epigyne dark yellow.

Arrangement of spines on the legs ;

—

I. Femur : 1 1 1 above and 111 small at anterior end.

Patella : 1 on inner side and long bristle.

Tibia : 3 pairs underneath.
Metatarsus : 2 pairs very long and stout on under side.

II. Femur : 1 1 above and 1 1 1 at anterior end on inner side,

1 r on outer.

Patella : 1 and bristle.

Tibia.: 1 at side. 2 fine pairs underneath.
Metatarsus : 2 pairs much more powerful.

III. Femur: 1 1 and 1 1 1.

Patella: 1.

Tibia : 1 on inner side and pair at anterior end.

Metatarsus : 2 pairs and bunch at anterior end.

IV. Femur : 1 on outer side, 1 in middle, 1 at anterior end.

Patella: 1 on inner side and bristle at anterior end.

Tibia : 1 1 on inner side and pair at anterior end.

Metatai'sus : 1 1 on inner side and thick bunch at anterior

end.

Palp : 1 1 on femur above.

The measurements (in millimetres) are as follows :

—

Long. Broad.

Cephalothorax... 4i
j
3| in front.

Abdomen 5 3

Mandibles 2

Pat. Metat.
Coxa. Tr. & fern. & tib. & tars.

Legs 1. U 4 3i 3 = 12

2. \\ 3
3' 2i = 9|

3. Ij 5 4 45 = 14|
4. 11 4 3

4' = 121

Palpi 1 \h \\ 11 = 5
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The females are rather more highly coloured than the males
and the legs more distinctly ringed, but so closely resemble
them in structure and general coloration that I have supposed
them to be of the same species, though unless captured together
the matter is always open to doubt.

In the males the tooth on the inner falx-sheath is raised above
the lower end of a straight base, which in the females has a
point at the other end also, enough to make it really fissidentated

;

but these two and the following Z. syrinx with no teeth at all

are all so much alike, and so distinctly resemble Zenodorus
d'urvillei, the type species, that I am unable to separate them
from that genus.

Zenodorus syrinx, sp, n. (Text-fig. 8.)

1 male and 1 female. (Types of the species.)

Male without teeth on falx-sheath.

Female without teeth on inner margin of falx-sheath.

Male. Cephalothorax black-brown on the eye-space, bright

red-brown just behind the same, behind this again dark brown
to the rear margin ; scattered over this at intervals are lanceo-

late pearly scales, more thickly at the sides and on the clypeiis,

where some of them are lengthened into flat bristles. On the
front margin of the clypeus is a flat raised rim. The mandibles
are black-brown with transverse corrugations of green opalescence,

and, except for a few flat bristles at the inner edge of the base,

quite bare.

The base of the falx is as thick through as it is broad trans-

versely, but tapers towards the anterior end. A transverse

section at the base would be almost square. The median part of

the inner margin is hollowed out, thus leaving an oval opening
between the two falces.

In the specimen before me there is no tooth on the lower
margin of the falx-sheath, and none visible in the thick fringe

on the outer.

The lip and maxillae are nearly black-brown, with a narrow
yellow-brown edging and dark grey fringes. The sternum and
coxfe are dark orange-yellow, with fine upstanding yellow-brown
hair.

The femur and patella of the front pair of legs are dark
orange ; the tibia and metatarsus black-brown with a thick black
fringe of long bristles on the under side, those on the metatarsus
being the shorter. The tarsi quite pale yellow. The metatarsus
of the second pair is pale, otherwise the same colour as the first

;

the third and fourth pairs are paler yellow-brown.

The abdomen on the upper side is dark greyish-brown, with
short upstanding brown hair over the basal area ; following this

is a broad field of pearly-grey scales, and along the sides patches
of the same as far as the spinnerets ; the under side is pale
yellowish-grey.
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Text-figure 8.

,1. -MS^

d
Zenodorus syrinx, sp. n., $

.

a., female; h., epigyne; c, male palp; d., mandible.

The measurements^(in millimetres) are as follows :

—

Loug. Broad.

Cephalothorax... 5 -^ „j^

Abdomen 2 2|
Mandibles 2

Pat. Metat.
Coxa. Tr. &.fem. & tib. & tars.

Legs 1. li 4i 5 3 = 14

2. 1 3 3 2| = 9i

3. 1 ^ 4|
5' = 16

4. 1 4

Female. Cephalothorax dark yellow-brown ; all the eyes on
large black tubercles. Long brown bristles and shoi-t white
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lancet-shaped scales spread here and there. The mandibles

black-brown with red-brown fangs and brown fringe. A paler

patch just below the lower corner of the falx-sheath. The lip

and maxilhie are dark yellow-brown with paler edgings. The
sternum pale yellow-brown, with upstanding brown bristles and

pale yellow-grey hair. The coxse bright yellow. The whole of

the palp the same, with upstanding yellowish-grey bristles. The
basal half of the femora of all the legs is bi'ight yellow-brown,

the anterior half brown; patella and tibia yellow-brown, meta-

tarsus and tarsus orange-yellow.

The abdomen is black, with a fillet of white squamous hairs

i-ound the base reaching along each side to half the length of the

abdomen. From, the end of this on each side are three large

white spots continuing the line to the spinnerets ; on the under

side it is plain greyish-yellow ; the hairs all ordinary, very fine,

pale yellow. The spinnerets rather long, conical, and darker

brown, on a white chitinous base half their length, have long

straight brown hair and a short cylindrical second joint.

The inner margin of the falx-sheath is cut away and hollowed

out to the outer margin, at the lower end of which are two

moderate-sized teeth. The inner side of the falx-sheath itself is

also hollowed out, most deeply about the middle.

The lip is as broad as long, truncate and slightly hollowed

anteriorly, half the length of the maxillae, which are convex,

upright, rounded anteriorly. The front coxae are farther apart

than the lower margin of the lip is wide. The sternum ovate,

truncate, and narrowest in front, is flat at the anterior end for

one-third of its length and thence to the posterior end convex.

The epigyne consists of two oval hollows resting against the

upper part of a broad longitudinal convex septum ; below these

hollows and fitting into the lower part of the same central

septum are two chitinous triangular cushions. The whole inside

an oval frame.

Arrangement of spines on the legs :

—

On femur i. & ii. above are single spines 1 1, and a row of

three small on the inner side at the anterior end.

On patella i. & ii. a short spine on the inner side and a very

long bristle at the anterior end.

On tibia i. & ii. three pairs on the vinder side.

On metatarsus i. & ii. two pairs (very stout) on the under

side.

On patella iii. & iv. one small on inner side and a very long

bristle at distal end.

On tibia iii. & iv. one small pair below at the anterior end,

and two single on inner side.

On metatarsus iii. &, iv. one small underneath about the

middle, and bunch at anterior end.

On metatarsus iii. two single at the side, but none on iv.
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The measurements (in millimetres) are as follows :

—

Long. Broad.

Cephalothorax ... 3
| ^

^"^ ^^°V^^
_

Abdomen 5^ 3|

Mandibles 2
Pat. Metat.

Coxa. Tr. & fem. & tib. & tars.

Legs 1. \i 31 3| 2| = IQi

2. 1 2i 2i 2 = 8

3. 1 4 3| 3i = 12f
4. 1 3i 3 3i = lOf

Palpi I 1| 1| li = 5

This species differs from Z. rhodope in having no teeth on
the falx-sheath margin, in not having the legs ringed, slight

differences in the male palp and epigyne of the female, and in

the spines as detailed, but otherwise the two species closely

resemble one another.

Group Thyene^.

Genus Mopsus Karsch.

Mopsus Karsch, Mittheil. Miinchener Entom. Vereins, vol. ii.

1878, p. 31.

Mopsus mormon Karsch.

Mopsus mormon Karsch, loc. cit. ; T. Thorell, Ragni Austro-

Malesi, p. 462 (1881).

Ascyltus pe7iicillatus Keyserling, Die Arach. A.ust. p. 1319,
pi. cxii. (1882).

Mopsus 7no7'mon Keyserling, loc. cit. p. 1475 (1883).

1 male and 2 females.

Previously recorded from New Guinea, Cape York, Bowen,
Rockhampton, and Sydney.

Group Plexippeje.

Genus Bathippus Thor.

Bathippus Thorell, Ragni Indo-Malesi, pt. iv. vol. ii., 1891-2,

p. 401 ; E. Simon, Hist. Nat. des Ar. vol. ii. 1903, p. 740.

Bathippus montrouzieri, var. papuanus Thor.

Plexippus m,ontrouzieri Lucas, Revue et Mag. de Zool. 1869^

p. 209, pi. xi. figs. 8-12 ; Thorell, Ragni Austro-Malesi, iii. 1881,

p. 526.

6 males.

Previously recorded from Wokan, Aru Islands, and Fly River,

New Guinea.
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Section Fissidentati.

Group Hasarie.e.

Genus Hasarius Simon.

Hasarius E. Simon, Hist. Xat. cles Ar. vol. ii. 1903, p. 795.

Hasarius glaucus, sp. n. (Text-fig. 9.)

1 female. {Type of the species.)

Female. The cephalotliorax is orange-yellow, black between the
side eyes ; mandibles, lip, maxillae, sternum, and legs all pale

yellow, with nearly white hairs and grey spines.

The abdomen above is dark grey at the sides with short recum-
bent white hairs, a broad pale area at the base, and a pale yellow-
grey scolloped longitudinal stripe down the middle. On the
under side the median area is the darker, the sides being pale

yellow-grey. The spinnerets are yellow, springing from a long
white chitinous base nearly as long as themselves. The episfyne

is rather dark yellow.

Text-tieure 9.

Hasarius glaucus, sp. ii., 9 •

a., front eyes and mandibles ; h., mandibular teeth and fang; c, lip, maxillse,-

sternum, and coxk ; d., epigyne.

The eye-space is spread over two-thirds of the cephalothorax.
The lip is longer than broad. Sternum ovate, truncate, and
narrowest in front ; the third coxa is isolated from the second
and fourth.

On the under side of tibia i. are two pairs of long spines, one

Proc. Zool. Soc—1915, No. XXXYI. 36
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pair of short ones at the anterior end, and two single spines on
the outer side ; underneath the metatarsus there are three pairs

(two very long) and a bunch at the anterior end.

Two single spines above and two pairs on metatarsus iii. and
iv. ; under tibia iii. and iv., a pair of fine spines in the middle

and another at the anterior end.

The measurements (in millimetres) are as follows :

—

Long. Broad.

^ 1 1 j-i o 1 f 2 in front.
iCephalothorax... 2^ <

^

Abdomen 3 2

Mandibles 1

Pat. & Metat.
Coxa. Tr. & fern. tib. & tars.

Legs 1. -I 2 2i U = 6i

2. i 2 2 11 = 5|

3. I 21 21 2 = 7|

4. 1 2| 2 2 = 6|

Palpi i 1^ 1 I = 3i

Differs from II. cop7'ea Thor. (Rag. Indo-Mal. pt. iv. vol. ii.

1892, p, 434), which it somewhat i-esembles in having a longitu-

dinal pale median stripe on the abdomen instead of transverse

black streaks, and the hind pair of legs clearly longer than the

fii'st instead of equal.

Group Oyt^e^.

Genus Cyt^ea Keys.

Cytcea Keyserling, Die Arach. Aust. 1882, p. 1380 ;• E. Simon,

Hist. Nat. des Ar. vol. ii. p. 816.

Cyt^a SYLVIA, sp. n. (Text-fig. 10.)

1 female. {Type of the sjjecies.)

Female. Oephalothorax dark red-brown, black between the side

eyes. White and coloured scales on the cephalic part. On a

lighter red ground behind the eye-space is a large patch of white

squamules reaching to the rear margin ; on the clypeus is a

bush of long white bristles ; the mandibles are dark brown on the

inner margin, pale chestnut-red on the outer sides and brown
underneath. The fangs red, paler at the points. The lip and
maxillae are brown on the lower and middle pai'ts, yellow over a

rather wide area in front. The sternum and coxse are pale

yellow with white upstanding hair. The two front pairs of legs

have the femora pale red-brown on the upper side with a dark

brown patch at the anterior end, and dark brown on the under

side, thickly covered with white squamules on the pale portions,

and with coloured squamules on the darker parts. The patella

and tibia are pale and dark brown in alternate rings ; the
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metatarsus and tarsus pale yellow-brown ; the two posterior pairs

of legs are somewhat paler, but with similar brown rings and
squamules intermixed with upstanding brown bristles. The palpi

are yellow-brown, with thick brushes of long white bristles.

The ground-colour of the abdomen is pale yellow, covered with
thick masses of white, black, and red lancet-shaped scales all

mixed up together.

The eye-space and thoracic part each occupies about one-half of

the total length of the cephalothorax, but, the upper flat part

continuing for about halfway on the thoracic, the rear slope is

quite steep at the end.

The front row of eyes is straight along the upper edges, the

rear eyes about the same diameter as the front lateral. The
second row of eyes halfway between these two are quite small

;

the clypeus about one-foui-th the diameter of the front median
eyes.

Text-fie-ure 10.

Cytcea si/lvia, sp. n., $ .

a., lip and maxillae; b., mandibular teeth and fang; c, epigyne.

The mandibles are convex on the outer side. The fissidental

tooth is rather high and its own length distant from the base of

the fang, its lower corner forms the larger of two conical teeth
;

on the outer margin are four teeth, tlie two upper being largest

and the lower quite small.

The lip is clearly longer than broad, narrowed and rounded in

front, and more than half the length of the maxillae. The front

coxae are barely separated by the distance of the breadth of the

base of the lip, so that the sternum is narrower in front than at

the posterior end ; it is ovate, convex over the posterior two-
thirds, with a broad flat margin between it and the coxae. The
abdomen is oval, but is partially destroyed. The epigyne consists

of a pair of deep oval depressions iipright, side by side, separated

by a black chitinous ridge widest in the middle, which runs
36*
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round the upper and lower edges and inner side ; the upper part

of each of these depressions is covered over with a light sort of

deck, dark streaks run down from their lower ends to the genital

fold, and the whole stands on a raised area arched anteriorly.

In the middle of the upper side of each femur is a single spine

and a row of four abreast at the anterior end ; on each patella

one spine each side ; under all the metatarsi are three pairs of

spines, on the inner side two single and on the upper side a pair

near the base followed by a single. Under metatarsus i. and ii.

two pairs of very long spines, and two single on the inner side ; on

metatarsus iii. two bunches of spines ; on metatarsus iv. one

pair underneath, one above, two at the side, and a bunch at the

anterior end.

The measurements (in millimetres) are as follows :—

I"
2

Cephalothorax... 4 -j .^

Lous. Bvoad.

2 in front.

3

Abdomen — 2^

Mandibles U
Pat. & Metat.

Coxa. Tr. & fem. tib. & tars.

Legs 1. 1| 3i 4 3 = 11^

2. 1 3| 2| 2 = 9^

3. 1 21 3 21 = 9

4. 11 2I 21 3" = 9i

Palpi ^ II l| 1 = 4

In the structure of the mouth-parts, proportion of legs, and

pattern of epigyne, this rather closely resembles C. alhurna Keys.

It is at least a third larger, and is easily distinguished by the

prominent white streak on the cephalothorax and the bright

coloration of the scales on the abdomen.

Gytma. laodamia, sp. n. (Text-fig. 11.)

1 male and 2 females. [Including the types of the species.)

Femcde. Cephalothorax black-brown with greyish-white squa-

mules and brown bristles, reddish bristles between the front

eyes, and thick long white bristles on the clypeus. Mandibles

black-brown with red-brown fangs. Lip, maxillte, sternum,

and coxfe dark brown, the fringes on the former brown and

short upstanding greyish-white hair on the remainder. The
abdomen on the upper side is brown over the median area, with

a white fillet of squamous hairs at the base and down each side as

far as the spinnerets ; the brown area has also white squamules in

patches mingled with brown, and a more or less distinct median

line of the same running down the anterior half ; on the under
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side it is brown at the sides and yellow-grey in the central area

with the same pale squamules. The femora, patellfe, and tibiee

of the legs are brown thickly covered with greyish squamules : the

metatarsi are dark brown at the base and in front, with a yellow

ring in the middle, and the tarsi yellow. The palpi are likewise

brown, with white squamules on the upper surface, and long

white bristly fringes on the sides of the patellar, tibial, and
distal joints, smooth underneath.

The epigyne is greenish-grey in the central area, pale bi'own

round the sides.

The spinnerets are pale brown, and spring from a conjoined

chitinous base as high as one-half of their length. The bifid

tooth on the inner falx-sheath stands out high, hollowed in the

centre, the two ends form large flat conical teeth. There are

three medivim-sized teeth on the outer margin. The lip is

convex, rounded anteriorly, but is hollowed out from nearly

Text-figure 11.

Cytcea laodamia, sp. n., $ .

a., lip and maxilla ; h., mandibular teeth and fang of male ; c, epigj'ne;

d., male palp ; e., inner mandibular teeth of female.

halfway down to the lower corners ; this part being continuous

with the rest, leaves it as wide at the base as it is high—it is

rather more than half the length of the maxillae. The sternum
is oval, and while it narrows to the width of the convex portion

of the lip, the front coxae are as far apart as the full distance

between the next pair.

Male. Similarly coloured to the female, but the upper side of

the patellar and tibial joints are paler red-brown, and the

fringe on the under side of the palpal distal joint darker brown.
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The bifid mandibular tooth on the inner margin is longer than in

the previously described species, less distinctly shaped at the

corners, and slightly serrated in the middle.

The measurements (in millimetres) are as follows :

—

Female. Male.

Long. Broad. Long. Broad.

„ , , ,1 , f 2^ in front. f 3 in front.
Cephalothorax... 4 < .-.- QSlQi
Abdomen 4i 2i U 2|

Mandibles U
^

2

Female.

Pat. Metat.

Coxa. Tr. & fem. & tib. & tars.

Legs 1. U 3 31 3 = 11

2. r . 3 2i 2 = 8i

3. 1
" 3

3"^
21 = ^

4. li 8 3 n = 9|

Palpi... I 1| 1| U = ^
Male.

Legs 1- If 4 5 4 = 14|

2. \l 3 3A 2| = lOi

3. li 3 3 H = 91

4. li 3 3. H = 91

Palpi I 2 11 1^ = 5A

This, although a good deal larger than either von Keyserling's

or Prof. Kulczynski's species, agrees in shape and the arrange-

ment of the spines with the definition of the genus as amplified

by M. Simon.
It will be seen that pat. + tib. iii. and iv. are of equal

length, in which it differs from C. alhurna Keys, as well as

in the pattern of the epigyne and general coloration.

The form of the epigyne is the same as that given by
Prof. Kulczynski for his C. snhsiliens, and, as in that species, the

eye-area, although considerably broader than long, is still longer

than the pars thoracica. It differs from the latter in the third

and foi^rth pairs of legs being shorter than the first, instead of

longer.
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EXHIBITIONS AND NOTICES.

May 11, 1915.

Dr. A. Smith Woodward, F.R.S., Vice-President,

in the Chair.

The Secretary read the following report on the Additions to

the Society's Menagerie during the month of April 1915 :

—

The number of registered additions to the Society's Menagerie
during the month of April was 230. Of these 150 were acquired
by presentation, 25 by purchase, 38 were received on deposit, 6 in

exchange, and 11 were born in the Gardens.
The number of departures during the same period, by death

and removals, was 115,

Amongst the additions special attention may be directed to :

—

1 Goeldi's Marmoset (Callimico goeldii), from Bunda Rivery

Bolivia, new to the Collection, deposited on April 14th.

1 Houbara Bustard (^Houhara ti/tidulata), from North Africa,,

received on deposit on April 27th.

A valuable Collection of WaterfoAvl containing sixty-eight indi-

viduals representing twenty-five species, presented by Alexander
L. Duncan, F.Z.S., on April 23rd.

The House-Fly Exhibition.

Prof. H. Maxwell Lefroy, M.A., F.Z.S., Curator of Insects,

exhibited specimens of various kinds of fly-traps and made the

following remarks upion the House-Fly Exhibition '.—
" A small exhibition of Flies and methods of dealing with them

will be open on Wednesday, May 12th, and continue open while

it is of use and interest. There will not necessarily be anything
original in the exhibition, and it was planned at first simply

to show the American fly-traps, which are not used in this

country and which are likely to be valuable. From this it has

grown to include all the information about flies that a health-

ofticer might require, and we are endeavouring to arrange it so

that such an officer can obtain in a short time the technical infor-

mation about flies that is available, without himself having to

hunt up the literature. We have also tried to make it useful by
getting samples and prices of the necessary chemicals etc., by
having copies of books and other literature, and by condensing

into a short illustiuted pamphlet authoritative information.

Since this was planned the Press have taken it up, somewhat
to our embarrassment, and we have had to make it as interesting

and instructive as we can for the general public : so we are

enlarging the scope, providing tabloid information and posters,

and generally trying to rub in the essential facts.

Flies are likely to be important this year for several reasons

the first is that with a shortage of labour scavenging will not be
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SO well done, manure cannot be so quickly disposed of, and there
will be local outbreaks of flies if the weather conditions are
suitable.

The usual vigilance exercised in inspection, and in destroying
material capable of breeding flies will be impossible this year

;

there will be accumulations of manure and refuse in towns, on
farms, on market gardens and where cavalry are quartei'ed, and
this will provide breeding-material particularly for house-flies.

The second reason is that in areas affected by the war, flies are
increasing, because sanitation and the disposal of fly-breeding
material will not be possible, and this will accumulate to an
unusual extent. I have evidence of this already from the Con-
tinent: these flies wdll not come over here, but they will lead to a
greater spread there of the diseases that they carrj' and we shall

be affected ; if cholera breaks out in Serbia. Austria, or other
parts of South Europe, it may spread in fly-invested areas and
get widely diffused. I do not want to be an alarmist, but I think
we must be prepared for such possibilities when a war of this

magnitude is in progress.

If flies are going to be unusually numerous so will the diseases

they cai-ry, and one of these is typhoid : we inoculate the men
who go to the front, but we here are not inoculated.

The third consideration is that there is a likelihood of a very
terrible plague of flies actually where the fighting is in progress,

which will very deeph^ impress those who are there : no one quite

knows where the fighting-line will be, but wherever it is the flies

are likely to be a feature. This is a good time, then, to do what
we can to rub the facts in, to get them known, to arouse interest,

and to help those whose business it will be to fight flies : already
we have been visited by Arm}' Doctors anxious to get quickly all

the facts about flies, and this will become increasingly useful.

For these reasons we have made all we' can of this little

exhibition, and, though it is not nearly complete, it contains useful

information and will be open at once.

It is not necessary for me to go into the details of the life-

histor}' and habits of flies to-night : you can see it all in the
exhibition to-morrow, and you are probably all aware of the main
facts. We are showing the various stages of the House -fly and
the Blow-fly, the common flies of houses, where they breed, Avhat

they feed on, the diseases they cany, how they carry them, and
so on. The facts are condensed on diagrams, posters, pictures,

and the methods of fighting flies are described in a short
pamphlet.
What can one do against flies ? There are three lines on which

one can work, adjusting one's methods to local cu'cumstances of

course :

—

1

.

Removal or treatment of breeding-material.

2. Traps.

3. Poisons.

The materials in which house-flies lay eggs and develop are
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well known ; they are liorse-manure, exci-ement, rotting vegetable-

matter sucli as vegetables, compost heaps, rubbish heaps, and the

like : manure, excrement, garbage, and fermenting rubbish are the

danger sources for house-flies. For blow-flies animal-mattei- is

the chief source, even in extremely small amounts : a dead mouse,

a hollow bone, a putrifying whelk, a dead sparrow, a scrap of

meat, a fish-head, these will all nourish blow-fly maggots : you
will be astonished when you see what a small amount is needed
and what a number of blow-flies will develop from the scraps in

the dust-bin.

The number of flies this year will depend very largely on the

extent to which this mateiial is removed or destroyed, not only

by the authorities but by the efforts of every one concerned.

Until peof)le at large realize what a danger flies are and what
it is that they breed in, we are certain to have quantities of

flies ; it is an unpleasant subject that people prefer to leave

alone, but there may be enough flies this year to make people

Avant to know about them.
If the breeding-material cannot be disposed of, can it be

treated so that it will not breed flies ? Can we treat manure
without impairing its value, and can we show how to treat the

manure-heap in every gai-den ? We have the available infor-

mation collected, and the original papers can be consulted ; so far

as is possible inquirers will be advised.

The second method is to trap, and I show to-night two-American
traps, with Mi-. Seth-Smith's improvement, a folding-trap made
in the Gardens, and two other pattei'ns of folding-ti-aj) that are

being tested. These and any improved ones will be shown, and
if any are available the prices etc. stated. Some patterns are for

home manufacture, some will, we hope, be available at popular

prices.

We show also a ti-ap that is meant for the household dust-bin,

which will catch any flies going to the dust-bin and any that have
developed in it and that seek to escape. If a dust-bin of this

kind is vised to contain stable-manure it will probably be a very

valuable trap for house-flies generally, and the stable become a

means of generally i-educing flies in the neighbourhood instead of

adding to them.
The third method is to poison flies, and this has yielded

remarkable results abroad. There are harmless liquids for use

indoors and poisons for use by skilled persons outside, particularly

for hospitals and large institutions. These will be of greater

interest to prof-essional men than to the public generally : we
have the original accounts of these, and it will be possible for a

health ofiicer to read quickly what has been done.

It may perhaps sound to you as if we knew all about flies, and
as if we should be able to solve all the difliculties that will be

brought to us—I wish, indeed, it were so. It is astonishing how
little practical information there is ; what there is, is largely from

America—very little has been done here, and we are very far

indeed from havins: the information we need.
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We have here to-night representatives of the Press, the
educators of the man in the street, and the exponents of his

collective opinion, I hope Fellows of the Society will foi-give me
if I take the opportunity to urge the Press to emphasise to the
Great British Public this fact, that we are actually at a loss to

Jcnoio how to meet the fly 2irohlein here and at the front because the

necessary scientific investigation has not been done. As a nation we
neglect and underrate the value of applied science ; it is not the
function of the Zoological Society to deal with the application of

Science to national health, and it is the wide sympathies of its.

Council and officers that enables me to make use of its resources

to deal with this problem : but there is no organised body, no
department of Government that stimulates and develops the
study of Applied Biology. If there had been, we could answer
the questions that come in to us daily from municipal health

authorities, Army Sanitaiy officials, and the public, as to means
of dealing with flies and other vermin.

I am not talking in a general way, but I have definite specific

problems that are in need of solution at once.

1. Baits for Flies.—The recommended baits for fly-traps are

formalin, beer, vinegar, milk, alcohol, and a few others : these are

things arrived at by chance. It seems likely that we might find

a really good bait, something that would draw in every fl}^ for a
quarter of a mile round, if we worked systematically on the line

of testing substances likely to be found in the breeding-materials

that flies seek. What brings the fly to the manure heap ? Smell
possibly ; if so, can we find a substance of not too intolerable a
smell that could be used to bait a trap in a corner of the garden
and that would really bring in all the flies. I think we can, but
it will require investigation, and it is a bad time to start inves-

tigating when the problem is imminent : we have actually begun
with the assistance of the Organic Chemistry Department of the

Imperial College, and we hope to get something out, but it is

work that should have been all done long ago.

2. Beside baits based on the fly's breeding-place, can we get a

bait based on his food ? Why do flies sometimes take formic
aldehyde ? Is this the best or the only one, or are there other
definite substances of far greater attractiveness to flies which
they associate with their food ? It is worth trying, and obviously

if we can get a really potent attractor it will help immensely.

3. Baits based on Sex.—How does the male find the female ?

By scent, by sight, by what ?

I remember in India a planter sent me some fruit-flies with

the remark that when he put a particular mosquito essence on
his handkerchief these flies followed him continually ; the essence

contained citronella oil, and a drop of this oil will bring the males
of these flies from all around : investigation showed that the
female produces this oil, and it is by its scent that the males find

them : we have now a method of dealing with this fly.

I quote this quite true story as an example ; and it might be
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worth while stvidying the house-fly and the blow-fly from this

point of view.

4. Questions are coming in about treatment of inamtre-heaps to

keep flies away : is there anything deterrent to flies ? It happens
that we have some recent research work on this very point, but
only as i-egards blow-flies ; it is work done at the Cooper Research
Laboratory at Watford. There is here an important line of Avork

and one which is going to be of immediate importance.

5. Treatment of Manure-heajis to kill Maggots in them.—Some
work has been done on this point in the United States and
Canada, but I believe that much better methods only need to

be worked out, possibly using the new vapour-poisons that have
been found during the last year. In America they recommend
borax, but it seems likely that better and cheaper methods will

be found.

I have now shown you investigations which, if done in the

past, would have enabled us to deal with this fly problem ; so it

is, of course, with all branches of science, but I have been able

here to give you definite concrete cases and not simply glittering-

generalities.

I have devoted more time to this point perhaps than I ought
because this particular problem will affect people closely, because

the lives of children will continue to be lost till we grapple with
it, and because it is not often one gets a chance of reaching the

Press. Perhaps some wealthy and enlightened person will endow
fly-research, perhaps some organised body will take it up, perhaps

even some day the Government will think of it. I do hope that

in this case the Press will put the issues clearly and definitely.

To return to the flies. "We hope to open the exhibition to-

morrow, and to admit the public at certain hours, the health

ofiicials, doctors and technical folk at others. We owe much to

those who have helped to organise, and who have prepared or

lent models, posters, pictvires, traps, samples, and appliances.

Dr. C. J. Martin, the Director of the Lister Institute, has very

kindly revised the pamphlet as regards diseases carried by flies,

and we hope to have that out this week.
In these times we all do what we can, and I am privileged to

be able to utilise the facilities of the Gardens for this exhibition.

It is perhaps a new departure for the Society, an unusual feature

that may be looked on as unseemly by some of the Fellows. I

think that the circumstances justify it, and that if it does good
and anything comes of our work, the Nation will be indebted to

the Society, and this incursion into practical applied entomology
will not be regretted."
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May 25, 1915.

Prof. E. W. MacBride, D.Sc, F.R.S., Vice-President,

in the Chair.

_
Mr. K. I. PococK, F.R.S., F.Z.S., Curator of Mammals, ex-

hibited two pieces of skin cut from the shoulder of a wild boar
and a wild sow (Sus scrofa) to show the difference in thickness
between the two, the skin of that area in the boar being about
four times as thick as in the sow.

Mr. Pocock also exhibited some skins of Asiatic and African
Porcupines, and pointed out the gradation that could be traced
from the Bornean Trichus through Atheriora to Hystrix in the
shortening of the tail, the evolution of the rattle, the growth of

the crest on the head, and the elaboration of the spine-armature.
He also showed a piece of the skin of a Javan Porcupine with
some of the quills cut short to illustrate their definite arrange-
ment in short, regular transverse rows.

June 8, 1915.

Dr. S. F. Harmer, M.A., F.R.S., Yice-President,

in the Chair.

The (Secretary read the following report on the Additions
to the Society's Menagerie during the month of May, 1915 :

—

The number of registered additions to the Societj^'s Menagerie
during the month of May was 136. Of these 66 were
acquired by presentation, 9 by purchase, 14 were received on
deposit, 35 in exchange, and 12 were born in the Gardens.
The number of departures during the same period, by death

and removals, was 123.

Amongst the additions special attention may be directed to :

—

1 Feline Douroucouli [Aotes felimos), 2 White-browed Hares
{^Sylvilagus superciliaris), and 1 Collared Peccary {Tayassu
taja^u), from Banco, Colombia, presented by W. K. Pomeroy,
F.Z.S., on May 3rd.

4 Patagonian Cavies (Dolickotis magella7iicus) and 2 Golden
Agoutis {Dasyj)7-octa agouti)^ from Argentina, received in ex-

change on May 4th.

1 Reindeer {Ranglfer tarandus), boi-n in the Menagerie on
May 9th.

1 Leojmrd Cub {Felis pardtis), from Kongwe, Nj^asaland,

presented by Miss A. Winch on May 3rd.

1 de Winton's Mouse [Mus sylvaticus tvintoni), from Horsham,
new to the Collection, presented by Sir E. G. Loder, Bart.,

Y.P.Z.S., on May 21st.

4 Siamese Fighting-Fish {Betta pugnax:), from. Siam, new to the

Collection, presented by C. Lament Groundwater on May 3i-d.
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Mr. E. T. Newton, F.R.S., F.Z.S., exhibited two horns of the

Sabre-horned Antelope (Oryx leucoryx) not attached to the skull,

but supposed to be a pair. The differences between the two
horns, both as regards their curvature and peculiar annulation,

raise a doubt as to their belonging to the same species, unless

these differences may be due to sex. They are said to have come
from West Africa. Each of these horns has about five inches of

the basal portion covered in leather, with a large loop of the

same material, which is evidently native work ; but for what
purpose this covering was intended is not clear. There is one
horn in the British Museum which has indications of having
been similarly covered.

A '•' nest ^'-making Chi'mpanzee.

Mr. George Jennison contributed the following note upon the
" nest " made by a Chimpanzee in the Belle Vue Zoological

Gardens, Manchester :

—

A female Chimpanzee {Anthro-poiyxthecus calvus) was purchased
for our collection on May 8th, 1913. She was not, in fact is not
yet, adult, but had good health, and was kept until May 1914 in

a rather small cage (12'xl2 X 10') having access to the open
air. She was then removed to our new Chimpanzee house and
installed in a large cage, through the middle of which there is a
beam about 3 inches wide. Early in August it was noticed that

she took a small supply of hay, or would even fray out a rope and
lay it carefully along the beam and there lie.

We therefore nailed a rough branch horizontally from the
beam to the wall, so enclosing a space of about 3 feet, and another
cross-branch to make a very rough base, and provided a supply

of hay, straw, and leafed twigs which were thrown on the floor

ten feet below. Next morning the nest was partly made. Careful

watching by W. Antcliffe, the keeper, showed that she carried up
at first one or two straws and then proceeded to gather a bundle
of twigs, which she tucked betw^een one leg and her thigh,

dragging herself to her nest by her arms and the other leg.

The twigs were carefully ari-anged with the leaves to the centre

of the nest, and she also gathered up one of her swinging ropes,

which she laid in short parallel lines on the twigs.

Mindful of Du Chaillu (' Exploration in Equatorial Africa'), we
nailed suitable branches over the nest as a basis for a roof, but no
attempt has been made to utilize them to form a shelter, as, of

course, there is no rain in the house.

The animal spends most of her time in the nest, to which she
carries all her food, even a glass of tea, which is taken up like

the nesting material in the hollow of the thigh.

From time to time the nest is either thrown out or falls

through, and is reconstructed with fresh material.

Having succeeded so well with this animal, similar facilities
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were given to three females (A. troglodytes) in the adjoining cage,

but no attempt was made to use them. Nevertheless, although

they usually sleep on the floor-level, they will carry a sack into

their trees and sleep upon it. A. calvus, t\\e " nest "-builder,

will also take up a sack and sleep on it.

llie Habits of Chimpanzees in African Forests.

Dr. C. 0. Christy, M.B., CM., F.Z.S., remarked "That it was

somewhat misleading to talk of a Chimpanzee's nest. The little

sleeping-platforms of the Chimpanzee made by bending inwards

the leafy parts of two or three of the smaller branches of some
sapling or larger tree, are quite a feature of the Ituri forests.

" They are generally close to the stem, and often comparatively

low down, sometimes as low as 15 feet from the ground.
" They are small structures, are occupied by one or a pair of

animals, and are never used a second night. They are made in

a minute by reaching out and pulling in the branches, bending

them or bi-eaking them off.

" Chimpanzees feed largely on the ground, but I am doubtful

if they ever sleep there. They are extremely wary and noisy.

When met with in the daytime they are usually in the trees.

At the first alarm the big males come down from any height in

two swings and a drop and make off, but the females and rest of

the troop swing and climb slowly from branch to branch. They
rarely jump as monkeys do, and being too clumsy to travel

quickly ai-e easily overtaken. For such a big strong animal they

are extraordinarily easy to kill. One serious body wound with a

little "22 bullet is sufficient to bi-ing them down. A slightly

wounded one will make for the top of a big tree, and by breaking

off bi-anches and pushing them beneath him will in less than a

minute construct a big platform, upon which he will sulk or

keep up a furious screeching entirely hidden from beneath."

Variation in Horns of Cattle.

Mr. R. E. Holding exhibited and made remarks on several

specimens indicating variation in the horns of cei'tain local

breeds of "West- African humped cattle—viz. a single horn of the

Gnami or Botlitli cattle from the neighbourhood of Lake Gnami,

of which a fine skull has recently been added to the British

Museum (ISTat. Hist.). The horn exhibited is 4 ft. 5 in. long

over the curve, and if say 11 inches were allowed for width of

skull, the total measurement from tip to tip equals 9 ft. 9 in.

The specimen exhibited was part of a cargo of West-African

horns recently sold in London.

The other West-African specimen, also of the humped breed,
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w;)-s a pair of lyre-shaped black horns. The frontal bone was
rounded considerably, thus giving the horns a posterior direction

reaching over the withers, the points turning outward. It is

apparently a common breed. Length of one horn 36 inches.
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The pair of Indian horns shown were those of the " Delhi"
variety of the domesticated Indian Buffalo (JBos bubalus), of

which there are several local varieties—viz. Deccani, Kathiwar,
and others. The specimen was of unusual form—massive at the
base, with a compressed spiral growing backward.

Mr. Holding also exhibited a print from a German colonial

paper showing another variety of these long-horned cattle from
Ruando, N.W. Africa, Avhere considerable herds are owned by
the Sultan.

Humming-birds in Captivity.

Mr. Alfred Ezra, F.Z.S., exhibited a living specimen of

Ricordi's Humming-bird {Sporadinus ricordi) and made the
following remarks :

—

" This little bird was brought over from Cuba by a dealer

twelve months ago in almost a dying state. Having been fed

only on sugar and water on the voyage, he was extremely weak
and not able to move from his perch. His feathers were stuck

together with the sticky syrup, and the bird looked miserable,

not being able to make use of his wings. The first thing I did

was to wash him (a difficult matter with such a little mite) in

warm water with a drop of brandy in it, and after drying him
thoroughly he was put back into a cage near a fire. In half an
hour he was buzzing about in the cage and looked much happier.

I fed him as I do my sun-birds, and he took to the food at once.

For the first three nights I kept the light on for him to feed by,

and in a week's time the bird began to pick up, and grew
stronger every day. About November last he Avent through a

partial moult, and again this April he went through a very

heavy moult and got over it perfectly. He is kept in a fair-

sized wire cage, and is given his freedom in a large room every

morning for an hour, when he darts about at a terrific pace

and enjoys it immensely, returning to his cage when he has had
enough. It is astonishing to see how he will never knock himself

against the window as most birds would do, but will always pull

up just in time, no matter what pace he is flying at. Besides the

syrup, which is his chief food, he will eat grapes and aphides, but
I do not think the latter are essential, he having clone quite well

without them for all the long winter months. All his food is

taken on the wing, which gives him plenty of exercise, and I am
sure my success is due to this. He will not eat the aphides

unless they are flying about, and I have never seen him pick one
up, even if he sees them crawling on his perch. If some are

lying at the bottom of the cage he will fly at a great pace close

to them, and when they fly up he will swallow them one after

another quickly. The bird is sprayed with tepid water every

morning, no matter what the weather is like, and then he will

wash himself by flying in and out of the damp leaves of a small
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plant placed in the cage. He loves the sun, but seemed (piite

happy witliout it through the winter. For a song he makes a
sound like the sparks of a wireless at work. I think that so long
as the birds have artificial light to feed by in the long winter
nights for two or three hours, they do quite well. They must
be kept warm, for as soon as the temjjerature di-ops below 65
degrees they begin to look unhappy. 1 had a veiy ex ti'a ordinary
experience with a Garnet-throated Carib {Ealmnpis juyalaris),

which was sent to me by a friend from Paris last May. It was
bi'ought over by a friend in a small cage which was well wr:i])ped

up. When I got tlie bird home I found him lying at tlio bottom
of tlie cage, as I thought, dea-d. He was stone-cold to the touch
and showed absolutely no signs of life. I took the bird in my
hand into a very warm room, where, after about half an hour,

I suddenly felt his heart beat ; then he opened one eye and then
the other, and put his long thin tongue out. I put the tongue
into some hot syrup, to which I had added a drop of brandy. He
instantly started to feed, and in another few minutes was flying

about the cage. In ten days this bird was perfectly well, and I
still have him in perfect health, and he is just going tlu'ough his

second moult with me. It was a very cold d;iy when he was sent
over from Paris, and I think the cold and the want of food were
too much for him. Most humming-))irds, I believe, go into a
soi't of torpor as soon as the temperatui'e goes down below a
certain point. Both my humming-birds are most pugnacious
and have to be ke[)t in separate cages. To my mind, they are
the most intelligent and fascinating of all birds. My sun-bird
mixture is made up in the following way :—I mix into a paste

one heaped-up tea-spoonful of Mellin's food, one tea-spoonful of

honey, half a tea-spoonful of Nestle's milk, and the inside of

about a dozen meal-worms, and add to this a large breakfast-

cupful of boiling water. All my sun -birds have thriven on this

food, and I have one now that I have had for five years and it is

still in perfect health. I use the same food for the above two
humming-birds—the first and only ones I have ever had—with
ffreat success."

Proc. Zool. Soc— 1915, No. XXXVII. 37
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Mr. E. T. Newton, "F.R.S., F.Z.S., exhibited two horns of

the Sabre-horned Antelope [Oryx leucoryx), and remarked on
cei'tain peculiarities presented by them.

Mr. R. I. PococK, F.R.S., F.L.S., F.Z.S., Curator of Mammals,
read a paper on the feet, scent-glands, and other external cha-

racters of the Paradoxurine Yiverrids, belonging to the genera

Po/racloxitrus, Arctogcdidia, Arctictis, and Nandinia, showing how
these may be distinguished collectively from the Viverrine genera

{Genetta, Viverra, etc.) and also how they may be difierentiated

fi-om each other in the characters discvissed.

Dr. A. Smith Woodward, F.R.S., V.P.Z.S., read a paper on

the skull of an extinct mammal related to Aelitropus, obtained

from a cave at the ruby mines, Mogok, Upper Burma, which he

described as the type of a new genus and species.

Miss K. M. Parker, B.Sc, communicated a paper on " The
Early Development of the Heart and Anterior Vessels in

Marsupials, with Special Reference to Perameles.'''

In Marsupials, as in Eutheria, the pleuro-pericardial canals

become continuous at an early stage, forming a horseshoe-

shaped cavity lying round the anterior end of the embryo. The
lateral endothelial tubes first arise in the hind brain-region and
grow forwards. The anterior portion of the pleuro-pericardial

cavity now increases rapidly in extent and its crescentic posterior

wall, which forms the lip of the anterior intestinal portal, moves
backwards as a whole, a process which brings about the length-

ening of the foregut, so that the heart-primordia come to lie

ventral to the closed gut. The heai-t-tubes are brought into

contact with each other by the growth of the pericai'dium, which
increases rapidly in antero-posterior length without any compen-

satory growth in width.

In the succeeding stages, the heart-primordia increase in

length, and undergo curvature and diflerentiation into ventri-

cular and auricular limbs. Complete fusion of the endothelial

tvibes does not occur till a relatively late stage, and proceeds in

the antero-posterior direction.

The development of the aortic arches is typical, while the

cardinal veins are derived partly from a vessel which lies close

against the neural tube throughout its length and partly from

more laterally situated capillaries.

Lieut. R. Broom, M.D., D.Sc, R.A.M.C., C.M.Z.S.,sentapaper

dealing with certain Triassic Stegocephalians. Restorations are

given of the skulls of Brachyops laticeps Owen and Bothriceps

australis Huxley, which are i-egarded as forming, with Batracho-

suchibs hroivni Broom, a distinct family, Brachyopidee. Bothriceps

huxleyi Lydekker is shown to differ from Bothriceps aitstralis
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in the structure of the occiput, and in having numerous small
teeth on the parasphenoid, pterygoids, and prevomers, and tl^us

to belong to a very distinct new genus.

This Meeting closes the Session 1914-1915. The next Meeting
of the Society for Scientific Business will be held on Tuesday,
October 26th, 1915, at half-past Five o'clock p.m.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
^ecretarij.

Zoological Society of London,

Regent's Park, London, N.W.

Jane 15itA, 1915,
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PAPERS.

37. Some Alcyonaria and a Stylaster from the West Coast

o£ North America. By Sydney J. Hickson, M.A,,

D.Sc, F.R.S., F.Z.S., The University of Manchester.

[Received July 14, 1915 ; Read October 26, 1915.]

(Plate I.* and Text-figures 1-5.)
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Although tlaere liave been several contributions to our know-
ledge of the marine fauna of the nortli-west coast of the

American continent in recent years, the Alcyonaria are almost

unknown, A long while ago specimens of a very large and
remarkable Sea-pen (Osteocella septentrional is), from the British

Columbian fishing-grounds, were examined and described, but

apart from this solitary example there is no record in the

literature of Zoology, so far as I have been able to discover, of

any other species of the Alcyonaria from this region.

The division of sea-areas into zoo-geographical regions is always

a matter of great difficulty and controversy, and particularly so

along an uninterrupted coast-line extending from the Arctic

Circle to the Equator. Nevertheless, the study of the marine
fauna of the western coast of the Noi"th American continent

shows such changes in character as we pass from north to south,

as to justify an attem^pt to name and define regions of dis-

tribution.

Sucli an attempt will not be made in this paper, but there is

jiist one point bearing upon this division into regions upon
which the study of this very small collection of Alcyonarians may
throw some light.

In his papers on the MoUusca of the west coast of N. America,
Dall (1898) has given the name Oregonian region to the shoi-e-

waters extending from Point Conception, near the south boundary
of Upper California, to, and inchiding, the Aleutian Islands.

Subsequent authors have noticed a remarkable change in the

character of the fauna in the neighbourhood of the Straits of

Fuca, the exit of Paget Sound, which would justify the sub-

division of Dall's Oregonian region into two nearly equal

* For explanation of the Plate see p. 557.
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subregions, one north and the other south of the British-

American frontier.

There is, of course, no zoo-geographical barrier between these

two subregions, and we should expect to find considerable over-

lapping, some of the characteristic southern genera appearing

in the northern subregion and vice versa.

One of the characteristic features of the northern subregion is

the occurrence of genera and even species that are familiar to us

on our North Atlantic coasts, suggesting that they are the

representatives of a circumpolar fauna. Thus Professor Herdman
(1898, p. 249), wi-iting about some simple Ascidians collected in

Puget Sound, says, " I think it may with truth be said that

all the Ascidians I collected in this arm of the N. Pacific are

closely related to familiar species on our own North Atlantic

coasts. This, taken with the similarity between the two faunas

shown in other groups, suggests the possibility that there is a

common northern circumpolar mai'ine fauna which extends south-

wards on the western coasts of Europe and America." This

view is supported by Walker (1898, p. 269), who says, in writing

on the Crustacea collected by Herdman in the same locality,

" Besides the species in the collection that are absolutely identical

with the British species, the resemblance between others is

remarkable."

In an account of the Hydroids of the Alaskan expedition

(1910, p. 179), Nutting gives reasons for believing that Puget

Sound is a natural region of demarcation between faunse, but

Eraser (1911), in his account of the Hydroids of the Vancouver

Island region, considers that there is no justification for a state-

ment that there is a distinct break at any point along the coast.

" At the present time," he says (p. 7), " out of a total of

196 species there is a record of 155 species from the Vancouver
Island region and north of it, and 88 south of that region. No
less than 47, or 24 per cent, of the whole number, are common
to the two. Furthermore, 22 species that are found north of

Vancouver Island are found in the Vancouver Island region as

well as in the region south of it."

As regards the Alcyonarian fauna of the Oregonian region, we
possess some knowledge of the genera and species found on the

coast of California, i. e. the southern subregion, thanks to the

researches of Nutting and others, recently summarised and

i-evised by Klikenthal (1913), and it is therefore of no little

interest to compare them with the few species collected off

Vancouver Island and in the Gulf of Alaska that are described

in this paper.

The following is a list of species of Alcyonaria now known to

occur in the region of Puget Sound and north of it :

—

Clavulana tnoreshii. Caligorgia fraseri.

Paragorgia arhorea. Psammogorgia teres (sp. ?).

Primnoa willeyi. Osteocella sejjtentrionalis.
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Two of these six species belong to genera [Faragoryia and
Primnoa) that do not occur in Kiikenthal's list. As regards the
Sea-pen, Osteocella septentrionalis (Hickson, 1911), it may be a
matter of controversy whether we are justified in separating the
species from the genus Pavonaria, of which two species {P. cali-

fornica and P. loillemoesi) have been described from Californian
waters, but there seems to be little doubt that the species is quite
distinct.

Glavularia inoresbii is closely related to, but quite distinct

from, the C. pacijiaa of Californian waters. The genus Clavidaria,
however, being cosmopolitan in distribution and having many
very variable species, does not afford much assistance in the
determiiiation of marine zoological regions.

The genus P^ammogorgia, on the other hand, appears to have
principally a tropical and temperate distribution, and the occur-
rence of one species north of the Straits of Fuca may be regarded
as an example of the fauna of the southern subregion over-
lapping the boundary-line. Three species of this genus have
been described by Nutting from Californian waters, but I have
found the determination of species of Psammogorgia, without the
examination of type-specimens, so extremely difficult that I feel

great hesitation in my identification of the Vancouver specimen
as Ps. teres and can make no further comments upon it.

The genus Caligorgia has many species in the Pacific Ocean,
but according to Versluys (1906, p. 169) it is unknown in the
North Atlantic. The species found oft' the coast of California
(C. kinoshitcB), however, is quite distinct from the species
described in this paper from the Gulf of Alaska.
The occurrence of a specimen of Stylaster in the Vancouver

seas is of interest, because it belongs to the same form or sub-
genus (AUopora) that occurs in the Norwegian fjords, and not to
the form or subgenus {Stylaster) which is so connnon in tropical
and subtropical waters. It has been previously described by
Verrill from the coast of California, but is probably a migrant
from the north.

To summarise the results, it may be. said that in this small
collection three species at least {Stylaster norvegicus, Paragorgia
arhorea, and Primnoa loilleyi) are representatives of a circumpolar
fauna, one {Psammogorgia teres) is a, representative of the south
coast fauna, and the other three {Clavularia inoresbii, Caligorgia
fraseri, and Osteocella septentrionalis) may represent a common
Pacific element which extends both north and south of the line

between the two subregions.

A comparison of the list of species described in this paper with
Kiikenthal's list of Californian species shows that not a single
species of Alcyonaria (except possibly the Psammogorgia) has
been found both north and south of the Straits of Fuca, and
seems therefore to justify a division of the Oregonian region at
that point into two subregions. The specimens I have been
able to collect together may represent only a small fraction of the

38*
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Alcyonarian fauna of the Columbian and Alaskan waters, and
subsequent researches may modify any deductions that may be
drawn from them, but so far as our knowledge extends at present

the facts are significant.

I wish to acknowledge my indebtedness to Professor A. Willey,

F.R.S., and to Mr. McLean Eraser for the specimens described

in this paper; to Miss Constance M. Lightbown, B.Sc, for much
valuable assistance in making preparations and drawings, and to

Mr. J. T. Wadsworth for taking the photographs (PI. I.) and
for the drawing of text-figure 3.

Order STYLASTERINA.

Stylaster (Allopora) norvegicus Gunnerus. (PI. I. fig. 3.)

Millepora norvegica Gunnerus, 1768.

Allopora californica Yerrill, 1868, Essex Inst. vol. v.

Allojwra oculina Moseley, 1881, ' Challenger ' Reports, vol. ii.

p. 85.

Stylaster norvegicus Bi-och, 1914, Danish 'Ingolf ' Expedition.

Swiftsure Shoal, ofi" Barkley Sound, W. coast Vancouver
Island.

Local name. Roseate stag's horn coral.

A single dried specimen of this Stylaster was taken by
Professor McMurrich from the Swiftsure Shoal.

It is 45 mm. in height, with seven short blunt branches

arranged in a single plane. One of the branches shows a barnacle-

gall. As there is no base of attachment, the specimen may be a

branch of a much larger colony.

The main stem is 10 mm. in diameter, and the branches about
5 mm. in diameter.

The cyclosystems are evenly distributed on all sides of the

branches, and they are not more numerovis on one side of the

flabellum than on the other. Each cyclosystem projects slightly

from the surface of the coenosteum and is about 0"75 mm. in

diameter.

The number of dactylopores in each cyclosystem varies, but in

the majority of cases there are 6 or 7. There is a large brush-

like style in the gasteropore and a veiy small style in each of the

dactylopores. No ampullae can be seen on the siu-face of the

cffinosteum, but at the broken base a few small cavities (0*5 mm.
in diam.) may be seen which are probably young ampvillfe.

The colour is salmon-pink.

The difiiculty of sepai^ating the two Stylasterid geneva, Allopora

and Stylaster was pointed out ten yeai's ago by myself and
Miss England (1905, p. 6). Broch (1914), agreeing with our

view on this matter, has included Allojyora in the genus Stylaster,

retaining the name Allopora as a subgeneric name for species of

Stylaster included in our group of species D. " For group D the

old generic name Allopora should be retained." This is clearly
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an error. According to our definition of the groups, group D
has cyclosystems on the anterior surface of the branches only. It

is group which has the cyclosystems evenly distributed over
the surfaces of the branches. In Allopora norvegica, according
to Broch's own description and figures of the species, as well as in

the Cape species {Allopora nobilis), the cyclosystems are dis-

tributed on all sides of the branches, they are cei-tainly not
confined to the anterior surface of the flabellum, as they are in

the species of our group D.

The subgenus Allojwra, however, is usually distinct from the
other subgenus Eustylaster of Broch, not only in the character

given to our group C—that the cyclosystems are distributed on
all surfaces of the branches,—but also in two ill-defined but
still mutually dependent characters, namely, that the terminal

branches are relatively thick, and that the ampullpe do not project

or project slightly from the surface of the ccenenchym.
Returning now to our species from Vancouver Island. It

clearly belongs to our group C, as the cyclosystems are more or

less evenly but irregulai'ly distributed on all sides of tlie branches.

It may therefore be placed in the subgenus Allopora of the genus
Stylaster. The determination of the species is a much more
difficult matter in the absence of any information about the

ampullae or gonophores. The cliaracters of the coenosteum, as seen

without fracture, are similar to those of the species from the

Norwegian coast except in i-espect of colour, which is salmon-red
instead of white or faintly rose. The colour- difference by itself

does not seem to me to be a character upon which it is wise to

establish a distinct species, and therefore I am disposed to regard
the species as identical with the ISTorwegian species.

The proper name of this species has recently been discussed

by Broch (1914, p. 17), and I am in agreement with him that

it should stand as Stylaster [Allopora) iwrvegicus Gunnerus.
Whether this species is identical or not with the Allopora octdina

of Ehrenberg cannot be determined with any degree of certainty,

but thei'e can be little doubt that it is the same as the Allojjora

oculina of Moseley's 'Challenger' Report (1881, p. 85).

It seems very probable that the ,species is also identical with
Verrill's Allopora californica from deep water off" the coast of

California. Verrill's specimen was 3 inches (75 mm.) or more in

height, had cyclosystems "02 inch (0*5 mm.) in diameter, with,

visually, six dactylopores, and was light " minium " red in colour.

From the description there are no points of distinction of this

form from AUopiora norvegica, except colour.

Note on the Gonophores of the Stylasterid,ce.

In his recent work, Broch (p. 20) attributes to Moseley the

view that the gonophore of the Stylasteridse is a special formation

in the group, and is not homologous with the adelocodonic

gonophore of other Hydrozoa. This was certainly not Moseley's
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view, and when I suggested it to him he expressed to me per-

sonally his disagreement with it. The term " trophodisc " was
suggested by myself and was never used by Moseley at all.

As regards the view itself. It was expressed as a result of a
long investigation of the development of the gonophores of a
Stylaster (Allopora) from the coast of Norway, and every fact

described was confirmed by the examination of many comparable
preparations. Knowing now, after twenty-five years' experience
of this group, better than I did then, the difficulty of the
investigation, I realise the probability that some stages in the
development may have been missed. Moreover, the study of

Kuhn's excellent memoir on the development of the gonophores
of Hydrozoa has to some extent shaken my faith in my own
view ; but the homology of the gonophores of Stylasteridse with
the adelocodonic gonophores of other Hydrozoa has not yet been
proved, and will not be established by scattered observations on a

few stages of the development of the male gonophore alone. The
principal difficulty in accepting the older view held by Moseley
arose from my observations on the development of the female
gonophore, and until this investigation has been repeated with
more modern methods of study than I had at my disposal in 1890,

the true homologies of these organs must remain undetermined.
In the meantime the discovery that MillepoiYi, notwithstanding
its calcareous skeletal structures, does give rise to free-swimming
medusae, has removed one of the principal initial difficulties I felt

in believing that the gonophores of Stylasteridas could represent

reduced medusa?, and I am quite prepared, when the time comes,

to a.bandon my own view in favour of the more conventional and
older one of Moseley.

Order ALCYONAEIA.

Family CLAVULARiiDiE.

Clavulauia moresbii, sp. n. (PL I. fig. 4; Text-fig. 1.)

W.S.W. ofi- Moresby Island, 100 fathoms.
The widely distributed and very variable genus Clavidaria is

badly in need of revision. It is probable that such a revision

would lead to a considerable reduction in the number of the

species, many of which have been founded on very inadequate

characters. Nevertheless, the specimens from Moresby Island

show very distinct specific characters and must be regarded as

the type of a new species.

The genus is well represented both in the Norwegian waters

and in the North Pacific Ocean. The occurrence of a species in

British Columbian waters might have been anticipated, and in

itself is not a fact of any zoo-geographical impoi'tance.

The specimens were obtained by Prof. Willey in 1914, who
writes that these whitish " rose-headed" Clavularias were growing
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on tlie stem of the Gorgonid {Prwinoa willeyi). They were
preserved and forwarded to me in formalin.

The stolon is in the form of flat anastomosing bands, spreading

out in places and fusing to form membranes. From the stolon

the zooids arise in a very irregular manner, in some places at

considerable intervals, in others close together. The stolon

follows the support in a quite irregular manner, and, so far as can

be determined from the material at my disposal, is never thickened

to form a sympodium. The zooids are never retracted into tlie

stolon, but they all show the tentacles contracted tightly over the

oval disc. They vary very much in size, large and small ones

being irregularly distributed on the stolon.

Text-fioure 1.

Spicules of Clavularia moreshii. X 360 diain.

The larger zooids are from 7-10 mm. in length, with a diameter
of 2 mm. The crown of tentacles is never retracted into a calyx,

and the aboral surfaces of the eight tentacles formiag the apex of

the zooid, in the preserved state, therefore can always be seen.

The body-wall is smooth and cylindrical. It does not shew, as

preserved, the eight longitudinal furrows that have been described

in many other species of the genus.

The spicules (text-fig. 1) are tuberculated spindles 0-15 mm.-
0"2 mm. in length by about 0-05 mm. in diameter, and do not
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shew a tendency to become club-shaped. They are densely

crowded both in the tentacles and body-wall, and are nearly all

arranged in a direction parallel with the long axis of the zooid.

The species seems to be most closely related to Clavularia

pacifica (Kiikenthal, 1913, p. 237) from the coast of California,

previously described by Nutting (1909, p. 686) as Sympodiuiin

armatum. This species, however, differs from Clavtdaria moresbii

in having stouter and more retractile zooids (5 mm. x 2 mm.),
with eight deep longitudinal grooves and larger .spicules (0'25-
0*3 mm. in length). The spicules, moreover, are much more
crowded together in Clavularia moreshii, a.nd do not show in such
marked degree as in G. pacifica a transverse disposition at the

base of the tentacles, and I cannot find in my preparations any
spicules that by becoming thickened at one end show a tendency
to be club-shaped.

In Clavularia eburnea (Kiikeiithal, 1906, p. 14) from Japanese
waters the zooids are larger (12 nun.), but in the spicula.r

armature and in other characters C. eharnea is more closely

related to C. jiacifica than it is to C. moresbii.

But, although the relationship of our new species with the

Californian species C. pacifijca is pronounced, it must be pointed

out that its relationship with some of the Norwegian species, such

as C. horealis of Keren and Danielssen (1883, pi. i.), may be as

close, and it afibrds therefore no special reason for regarding

the fauna of British Columbia as being more closely related

to the Pacific than to the N. Atlantic fauna.

Family Briareid^e.

Paragorgia arborea Linn. (Text-fig. 2.)

Alcyonium arboreian Linnasus, Syst. ISTat. 10th edit. 1758,

p. 803.

Alci/oniimi arhoreum Pallas, Elenchus Zooph., Edit. Wilkens,

1787,'pt. 2, p. 164.

Paragorgia arborea Milne-Edwards, Hist. Nat. Cor. 1857, t. 1,

p. 190.

Paragorgia nodosa Keren & Danielssen, Nye Alcyonider, etc.

1883, p. 19.

? Paraf/orgia nodosa Nutting, Pacific Alcyonaria, 1912, p. 99.

? Paragorgia regalis Nutting, 1. c. p. 100.

Off Kodiak Island, Gulf of Alaska. Depth ? 1 specimen.

Local name. Friable brick-red coral.

In Wilkens' edition of Pallas' ' Elenchus Zoophytorum ' there

is a. long accoiurt of this species, probably copied in great measure

from the writings of Koelreuter (1761). There can be no doubt

from this that the Alcyoniimi arhoreum of Linnaeus and Pallas

is the same species as the common species of the Norwegian
fjords, now known as Paragorgia arborea.

Although the external features of the species were fully
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described by Koelreuter, and measurements and illusti^ations of

the spicules of Paragorgia nodosa—which does not seem to me a

distinct species—are given by Koren and Danielssen, there is no
good modern description either of the genus or species.

The genus, however, seems to be quite well distinguished from
others of the same family by the very well-marked dimorphism
of the zooids and by the characters of the spicules. The occur-

rence of dimorphism in the genus, first recorded by myself in

1883, is of importance because it is of only exceptional occurrence

in the Pseudaxonia, and can be clearly determined, not only in

fresh and spirit specimens, but also in specimens that have been

dried for many years.

The geographical distiibution of Paragorgia arhorea cannot be

very accurately determined from the literature. It is probable

that some of the specimens from the Mediterranean Sea and
Atlantic Ocean, refered to Alcyoniutn arhoreum by the older

naturalists, belonged to a difierent genus or species. Of recent

years there is no record of any specimens being found outside

the area of the ISTorwegian coasts. It was not found by the
' Challenger ' Expedition in the Atlantic, nor is it recorded from

the deep water off the west coast of Ireland by the Irish

Fisheries Investigations.

It was therefore with some surprise that I found, in the collec-

tion sent to me by Mr. Fraser from tlie Gulf of Alaska, a

specimen that was clearly a species of Paragorgia. For com-
parison with the Alaskan specimen I have examined a specimen

of P. arhorea from the Trondhjem Fjord, and I have no hesitation,

after making this comparison, in placing the two specimens in

the same species.

The specimen is probably only a fi'agment of a large colony,

but it shows'a simple bifurcation at the distal end. It is

170 mm, in length. The stem at the base is oval in section

(1.4x18 mm.). As in the specimen from Norway, the stellate

pores of the autozooids are scattered irregularly in clusters all

round the stem, many of the clusters being mounted on dome-
shaped prominences from the surface. The pores of the siphono-

zooids are numerous, quite irregularly distributed, and easily seen

with a hand-lens. The axial part of the stem is creamy-white in

colour, and is penetrated by canals corresponding in arrangement
with those in my specimen of the type-species. The crust, or

outer layer, of the stem is about 1 mm. in thickness, and is

distinguished by its brick-red colour.

The spicules of the autozooids are irregularly tubercidated

spindles, of which the larger ones are about 0-25 mm. in length.

These spicules are probably distributed in the tentacles or body-

wall of the anthocodise of the autozooids, but I cannot, determine

this with certainty.

The spicules of the coenenchym and axial region are double

stars of the type shown in Kolliker's ' Icones,' pi. xviii. fig, 45.

They are of nearly constant size, 0'07 mm. in length.
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Text-figure 2.

B
A. Spicules oi Faragorgia arhorea from Alastan coast. X 375 diam.

B. Spicules oi Faragorgia arhorea from coast of Norway, for comparison
with A. X 375 diam.
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A comparison of the preparations of spicules, made from the

Alaskan specimen and from the ISTorwegian specimen, shows that

there is very little diiference either in size or shape between the

spicules of the two specimens. In fact, the preparations can

hardly be distinguished without the assistance of the labels

(text-fig. 2, A, B).

In a recent paper, Nutting (1912, p. 99) has described two
species of the genus from the Japanese seas, one he attributes

to the species P. nodosa, of Koren and Danielssen and the other

to a new species, P. regalis. It does not appear to me that

either of these species is very well defined from the type-species,

but without examination of type-specimens from Japan it is

impossible to determine with certainty whether they are identical

with P. arborea or not.

Family Primnoid.e.

Subfamily Primnoin.e.

Primxoa willeyi, sp. n, (Text-fig. 3.)

Locality. W.S.W. off Moresby Island, British Columbia,

100 fathoms.

Concerning this species Prof. Willey writes :
" In fishing for

halibut a magnificent scarlet Gorgonid was brought up on one

of the hooks. It was four feet in height, with a diameter at the

broken oflF base of 1'5 inches. The branches anastomose and
the axis is black and horny."

Specimens of the Clavularia described above were growing on
the base of the horny stem of this Primnoa.

The only specimens sent to me were a number of fragments

well preserved in formalin. I am unable therefore to give an

account of the colony as a whole or its method of branching.

The method of branching, so far as I can judge, is dichotomous,

but I have no evidence of the anastomoses referred to by
Prof. Willey.

The structure and arrangement of the zooids, however, aflford

sulficient evidence to show that the species is not identical with

any that has hitherto been described.

At the time of the publication of Yersluys' memoir on the

Primnoidfe (1906), there was only one well-established species of

the genus, the well-known Gorgonia reseda of Pallas, subse-

quently called Primnoa lepadifera by Lamouroux.
Since that date Kinoshita (1908, p. 42) has described a new

species, Primnoa ixicifica, from the Sagami Sea.

The genus Primnoa is distinguished from other Primnointe by
the irregular distribution of the zooids on the branches— or, in

other words, the zooids are not arranged in definite whorls nor

in definite spirals. Moreover, it seems to be a character of the

two known species that the zooids are bent downwards away
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from the apex of tlie branches, instead of upwards towards the
apex of the branch, as they are in most of the Primnoinse.

In the specimen from British Columbia, the terminal branches
including the zooids are about 6 mm. in diameter and excluding
the zooids about 3 mm. in diameter. The zooids are quite
irregularly distributed on the branches, larger and smaller ones
being mixed, and they are all bent downwards towards the base
of the bj-aneh. The larger zooids are about 5 mm. in length by
about 1'5 mm. in diameter.

The opercular scales are triangular in shape, with a very well-
marked keel passing along the adoral side from the apex towards
the base. These scales are 1'5 mm. in length (from apex to base)
and 0'6 mm. in breadth. Behind and partly overlapping the

Text-figure 3.

A single zooid of Frlmnoa tvllleyi. X 15 diam.

opercular scales on the abaxial side there is a half circle of large

oblong scales TOS x 0-75 mm., and arranged very irregularly over
the rest of the abaxial side there are long narrow scales of v^arious

.sizes up to 1-8 mm. in length by 0-2 ram. in breadth (text-fig. 3).

Some of these elongated scales occur on the adaxial side of the
margin of the zooid overlapping the opercular scales, but the
greater part of this side of the zooid is naked.

In Primnoa reseda and in Primnoa jmcifica thei'e is less

difference between the marginal scales and the other scales of the
abaxial side of the zooids, and in both these species the zooid is

more completely covered and protected by square or oblong
jseales.

The new species differs from both the other two species, not
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only in the shape and arrangement of the scales as described

above, but also in the actual size of the larger zooids.

I have compared them with the zooids of a specimen of

P. reseda from JSTorway, and found that, whereas the measure-
ments of spirit- specimens of P. ivilleyi are 5 mm. by 1'5 mm.,
in dry specimens of P. reseda they are 7 mm. by 3 mm. In
P. pacifica the zooids are said to be 5-7 mm. in length, and from
the figure are evidently broader and stouter than in P. ivilleyi.

Caligorgia fraseri, sp. n. (PL I. fig. 2 ; Text-fig. 4.)

Gulf of Alaska, 50-100 fathoms.

Local name. " Verticillate fan-coral."

This new species is repi-esented by two dried specimens 220
and 130 mm. in length i-espectively. The base of attachment is

Text-fio-ure 4.
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Scales of Caligor-gia fraseri. X 280 diam.

missing from both specimens, and consequently they may repre-

sent portions of a larger colony. The branches arise alternately,

but irregularly, from the main stem (or branch) in one plane.

The diameter of the largest stem, including the whorl, is 3*5 mm.,
and of the axis 2 mm.
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The zooids are arranged in closely-set but not overlapping
whorls. In the thickest branches there are 11 or 12 zooids in

each whorl, but they diminish to 5 or 6 in the more slender

distal branches. The zooids are about 1 mm. in length by
0'5 mm. in diameter, and are closely adpressed to the side of the
branch.

The zooids are protected on the abaxial side by three or four

longitudinal rows of overlapping scales, but the axial side is fi'ee

from scales except at its distal extremity. The apex of each
zooid is protected by a complete circle of triangular opercular

scales.

The large abaxial scales are round or oval in shape, and the
outer surface is oi-namented with numerous long spiny tubercles

which radiate outwards from a common centre.

It is the presence of these remarkably long tubercles on
the scales that constitutes one of the most important characters

of the species. These scales attain a size of 0'3 mm. x 0*23 mm.
The triangular opeicular scales are also covered with long
tubercles, and their size may be 0-28 mm. in height by 0'2 mm.
at the base.

In addition to the abaxial plates and opercular scales, a pre-

paration of the spicules of a zooid reveals a number of smaller

scales and irregular tubercular calcareous nodules. The exact
position of the latter cannot be determined owing to the density

of the plates which cover them, but they probably correspond
with the deep-seated warty sclerites described by Versluys (1906,

p. 76) in Ccdigorgia ventilahrimi, but far more commonly found
in the genera Primnoella and Primnoides. The presence of tbese

sclerites constitutes a second important character of the species.

The new species appea,rs to be most closely related to Gcdigorgia

aspera (Kinoshita, 1908, p. 39) from the west coast of Satsuma,
Japan, from which it difters in the less profuse branching, in the
smaller number of zooids in a whorl, as well as in the lai-ger and
more profuse tuberculation of the scales.

In the method of branching it is more like C. granulosa of the
same author (p. 37), bub in this species the scales are much
larger. In 0. elegans (Gray), also described by Kinoshita from
the coast of Japan (p. 40), the number of zooids in a whorl
corresponds more closely with that of the new species, but the
tubercles on the scales are much smaller.

The specimens were taken on the Halibut lines on Albatross
and Portlock banks, in the Gulf of Alaska, and are said to be
pink when fresh and to be " common." They were collected by
Professor A. Willey, F.R.S.

Family Plexaurid^.

PsAMMOGORGiA TERES Verrill. (PI. I. fig. 1 ; Text-fig. 5.)

Pso,mmogorgia teres Yerrill, Ti-ans. Conn. Acad. vol. i. 1868,

p. 416.
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W. coast of Vancouver Island.

Local name. Coral-pink candelabrum coral.

The genus Psaonmogorgia is so badly in need of revision and
full description that I refer this specimen to Verrill's sj)ecies

with the greatest hesitation. The type of the species was taken

off Pearl Island, which I believe to be off the west coast of

tropical America, in 6-8 fathoms, and is said to be rare.

The specimen from Vancouver Island is dry, and, in the

presence of a flattened base of attachment, is evidently complete.

It is 115 mm. in height and has six branches. The diameter of

Text-figure 5.

Spicules of Fsammogorgia teres. X 500 diam.

the thickest branch is about 4 mm., and the branches are almost
cylindrical in shape. The diameter of the axis just below the
point where ramification begins is 4 mm., and the disk of attach-

ment is thin and about 10 mm. in diameter. The crust varies in

thickness fi-om about 0*25 mm. below to 1 mm. near the terminal

ends of the branches.

The positions of the zooids are marked by flat or slightly

convex prominences, quite irregularly distributed over the sur-

face of the coenenchym, and in the centre of each prominence
there is a stellate aperture.
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The spicules are tuberculated spindles, very variable in size,

but with an average of about 0'12x0'04 mm., and double stars

rather smaller in size (text-fig. 5).

The genus Psanimogorgia is represented by four species from
the tropical region of the west coast of America described by
Verrill (1868), and by three species from the coast of California

described by Nutting (1909, p. 719). In a recent paper

Kiikenthal (1913, p. 268) expresses the opinion that one of

Nutting's species should be referred to the genus Eitplexaura

of Verrill, as amended by him.

It appears to me very doubtful whether the genus Psammo-
gorgia will stand as an independent genus, but I am not disposed,

until a further stud}^ is made of the species attributed to it from

the west coast of America, to merge it into the more widely

distributed genus Eiqjlexaura. The diagnostic characters of the

species are all most unsatisfactory, and it is almost certain that

if the genus stands it will stand as a single-species genus. In the

meantime, I refer the specimens from Alaska to the species to

which they appear to be most closely related.
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EXPLANATION OF THE TLATE.

Fig. 1. Psnmmogorgia teres (dvy). Nat. size.

2. Caligorgia fraseri, sp. n. (dry). Nat. size.

3. Sti/laster norvegictis (di'3'). Nat. size.

4. CJavidaria moresbii, sp. ii. Two zooids preserved in spirit. X 2 diam.

[NOTE.
My attention has been called to a paper by W. H. Dall, " On some Hydro-

corallinaB from Alaska and California," in the Proc. Biol. Soc. Washington, vol. ii.

1885, p. 111.

In this paper three new species o( Jllopora are described from the Aleutian and

Shumagin islands, namelj', A. verrillii, A. moselei/i, and A. papillosa.

They differ in some respects from the specimen I have identified as Stglaster

{A.) norvegicus from the Swiftsure shoal off Vancouver Island, but I do not

consider, without reference to the type specimens, that these differences are

sufficient to justifj" a specific distinction from the older species.

In this paper there is also a record of a specimen identified as Calligorgia

compressa Verrill from the Aleutian islands, but as there is no figure or description

of it, comparison with the specimen described by me as Caligorgia fraseri cannot

be made. The type specimen of T\ compressa is {Jide Versluys, p. 81) only a

naked axis without polyps or spicules.

December 13, 1915. S. J. H.J

Proc. Zool. Soc— 1915, No. XXXIX. 39
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38. On Specimens oF Cuvier's Whale (ZipJmis cavirostrls)

from the Irish Coast. By Sidney F. Harmer, Sc.D.,

F.R.S., F.Z.S., Keeper of Zoology in the British

Museum *.
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Among the Cetacea included in lists of the British species, the

subject of this notice is one on which further information is

specially desirable. Its claim to be regai'ded as British was
established by Professor (now Sir Wihiam) Turner (1872, 1912),

on the evidence of a skull obtained off Hamna Voe, Northmaven,
Shetland, and now in the Anatomical Museum of the University

of Edinburgh. So far as I have been able to ascertain, this is

the only authenticated record of the occurrence of Ziphhts cavi-

rostris in the British area. Van Beneden indeed states (1888,

pp. 87, 91) that a male specimen of this species was stranded on
the Irish Coast (place and date not indicated)^ and that its

skeleton is in a Dublin Museiuii* In order to obtain information

with regard to this record I wrote to Dr. B.. F. Scharfi', Keeper
of the Natural History Collections in the National Museum,
Dublin, who has been good enough to infomi me that he knows
nothing whatever of the supposed ZijyJiius^ and suggests that

Van Beneden may have mistaken a record of an Ii ish Mesoplodon
hidens for one of Ziijhiibs cavirostris. He assures me that the

National Museum at Dublin possesses no skeleton of Ziphius or

any part of one ; and that he has satisfied himself that no such

skeleton exists in the Museum of the Royal College of Surgeons,

Dublin, or in that of Trinity College, Dublin.

Although I am thus unable to ascertain what was the evidence

on Avhich Van Beneden's statement was made, I am in a position

to record the occurrence of two undoubted specimens of Z. cavi-

rostris on the Southern Coast of Ireland. The circumstances

under which these have been obtained by the Biitish M,useum
lead me to suspect that the species is not so uncommon a visitor

k

* Published bv permissiou of the Trustees of the British Museum.
39*
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to our shores as has hitherto been supposed *. It seems not

improbable that a certain proportion of the Cetacea recorded

as " Bottle-nosed Whales " belong either to this species or

to the allied genus Mesoplodon^ of which two species appear

to occur in our seas, namely Sowerby's Whale {M. bidens)

and M. eioropceus Gervais, the validity of which has been the

subject of much dispute, but which, from the evidence recently

given by the late Mr. F. W. True (1910, p. 11), has considerable

claims to be regarded as distinct from M. bidens.

The adult males of Ziphioid Whales usually possess one or two

pairs of large and conspicuous teeth, either at the extreme

anterior end of the lower jaw or further back in the same jaw
;

and in most of the species these teeth form a conspicuous feature

oi' the animal in the flesh. In young specimens of either sex

and even in adult females, the corresponding teeth do not cut

the gum, in most of the species ; and a living specimen thus

appears to be completely edentulous. While the adult male of

the Common Bottle-nosed Whale {Hyperoodon rostrattis) is

characterised by its remarkably swollen forehead, this feature

is absent from the females at all ages, as is shown in the figure

given by Capt. David Gray (1882, p. 728). When it is remem-

l)ered that the coloration of the skin is very variable, both in

Hyperoodon and in Ziphms, it will be realised that the external

differences between apparently edentulous specimens of these

two genera, are not so striking as to preclude mistakes in deter-

mination by observers who have not had considerable experience.

In order to obtain any certainty with i-egard to the determination

of Ziphioid Whales it is thus desirable to scrutinise most care-

fully the evidence relating to reputed " Bottle-nosed Whales."'

The considerable number of records of the occurrence of

Zi'phius in the most widely separated localities, taken in conjunc-

tion with the evidence supplied by some of the best authorities

that but a single recent species has been proved to exist, leads to

the conclusion that Z. cavirostris is a cosmopolitan species which

inhabits the open oceans of the world and is occasionally stranded.

It does not follow that it is in reality a rare animal. If the

conclusion that but one living species occurs be cori'cct, the

species has an almost world-wide distribution, since it has been

I'ccorded not only on both sides of the Atlantic and in the

Mediterranean, but also in such Avidely separated localities as

South Africa, New Zealand, and Bering Sea.

In 1912 the Board of Trade issued instructions to Receivers of

Wreck to inform .the British Museum of the stranding of Cetacea

* It is not impossible that two living Whales which were observed from the cliff

at Great Saltee Island, Co. Wexford, June' 15, 1913, by Mr. W. P. Pyciaft, in

company with the late Mr. R. M. Barrington and Mr. W. W. Grant, may have

belonged to Z. cavirostris. Mr. Pjcraft has kindly given me a copy of the notes

which he made at the time, according to which all three observers were struck by

the remarkably white appearance of the fore part of the body, and were agreed that

this was not due to the ettect of brilliant sunshine reflected from a black surface.

The hinder part of the body was evidently darker than the front part. It will be

noticed' that this account is in complete agreement with the observations recorded

below on the coloration of the Wexford Ziphius stranded on July 19, 1915.



cuvier's aviiale. 561

along the British Coasts ; and as the result of this action a

number of telegraphic intimations of such occurrences have been

sent to the Museum from time to time. The telegrams thus

despatched have in many cases been supplemented by written

Keports, sketches, or photographs ; and often by the transmission

of lower jaws or other parts of the specimens stranded. From
the information thus obtained two Repoi'ts have already been

published by the Trustees of the British Museum (Harmei-,

1914, 1915), For the assistance given to this enquiry by
Receivers of Wreck and Coastguard officers I wish to express

mv most cordial thanks ; and it is hardly necessary to add that

a similar expression of gratitude is also due to the Board of

Ti'ade, by whose action the collection of this information has

been rendered possible.

In receiving these telegraphic Reports the possibility of adding

to our knowledge of the rarer Ziphioid Whales has throughout

been borne in mind ; and in particular it was hoped that oppor-

tunities would be afibrded of obtaining specimens of Ziphias

cavirostris. The inauguration of the scheme was more successful

than was suspected at the time ; since the very first specimen

received after it came into full working order, namely the Whale
recorded in my 1914 Report as 1913, No. 1 (Unionhall, Co. Cork),

ultimately proved to be a specimen of the wished for Ziphius.

This discovery was only made a few weeks ago, on removing the

skeleton from the sand-pit in which it had been cleaned *
;
the

specimen having at first been determined, on the evidence of its

lower jaw, as a Hyperoodon.

On July 19 of the present year a telegram was received from

the Coastguard officer at Fethard, Co. Wexford, annovincing the

stranding of a Whale, said to be 19 feet long and to have two

teeth at the extremity of the jaw. It was supposed that this

jvnimal would prove to be a Common Bottle-nosed Whale
{Hyperoodon rost7'atus) ; but the lower jaw was asked for in order

to render its determination certain. On the arrival of the jaw,

the pair of large and massive teeth at its anterior end showed

a,t once that the animal was not a Common Bottle-nosed Whale,
and it was more than suspected that it would prove to be a

Ziphius cavirostris. Mr. A . H. Bishop, one of the preparators

of the Museum, was accordingly sent to Fethard ; and he was

fortunately in time to secure the remainder of the skeleton, as

well as to make observations on its external character's and to

j)rove that it was a male. By a happy coincidence the skeleton

of the 1913 specimen already alluded to was at this time removed

from the sand ; and the characters of its skull proved beyond

doubt that, like the Fethard specimen, it was a Ziphius cavirostris.

The British Museum is thus in possession of two Irish skeletons

(the Unionhall specimen not quite complete) of this interesting

* For tins method of cleaning skeletons, specially to be recommended for Cetacea,

since it enables very large specimens to be dealt with without trouble, and moreover

removes the oil from the bones, see E. F. Scharff', ' The Museums Journal,' x. 1911,

p. 196.
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Cetacean. When the skeleton of the Wexford specimen has
been cleaned I hope to be able to publish a further account of

these two animals, in conjunction with my friend Mr. W, P.

Pycraft ; but the records are interesting enough to justify the
publication of a preliminary notice on the subject.

The Wexford specimen was stranded on July 18, 1915, at the
entrance to Bannow Bay, on the east side of the point of land
separating that Bay from Watei'ford Harbour ; and it was alive

when first observed, I am indebted to Mr. Dennis McCarthy,
of H.M. Coastguard, for valuable information with I'egard to its

appearance, as well as for the trouble he took in facilitating the

ax^qiiisition of the specimen by the British Museum. In a

written description sent after the despatch of the original tele-

gram, Mr. McCarthy states that the lower jaw " was narrow
and projected beyond the upper." The head was '* mostly white
in oolovir and along the upper part of the back as far as the fin

with numerous whitish streaks running downwards in all direc-

tions ; the remainder a darkish colour," This account is confirmed

by Ml'. Bishop, who made an excellent drawing of the animal,

based on his photographs, measurements and notes, on his return

to the Museum. This drawing represents the head, including

the whole of the lower jaw, and part of the back as white in

colour, the rest of the skin being black, or at least dark. The
white colour extends over the whole of the head and part of the

body, in front of an oblique line drawn from the anterior end of

the dorsal fin, and passing in front of the pectoral fin, to the

posterior end of the lower jaw. The coloiiring of this specimen

is thus extremely similar to that of the ISTew Zealand animal
figured by von Haast (1880, pi. xxiii.). Much of the skin was
covered by long, linear streaks, similar to those usually seen on
the skin of Oramjnis griseus, Accor'ding to the observations of

Mr, Bishop, who did not see the specimen until July 23, when
much of the epidermis had been lost, the streaks were ari'anged

singly. In the specimen figured by von Haast the skin is said

to have been marked with parallel, elongated streaks, in pairs,

as well as with oval scars, each with two dots in the centre.

These dots, and the two members of each pair of sti'eaks were a

constant distance apart, and were " evidently made by the teeth

of other individuals of the same species."

One of the most striking features of the Wexford specimen
was its possession of a pair of large and massive teeth, situated

at the extreme end of the lower jaw, the left tooth being appre-

ciably larger than its fellow. The exposed parts of these teeth

p,re roughly oonical, the teeth diverging from one another and
being 20 mm. apart at their base. Other measurements of the

exposed parts of the teeth are :

—

Right. Left.

Antero-posterior diameter, at base... 32 mm. 36 mm.
Transverse diameter, at base 29 32

Length 34 42
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The larger tooth thus has a diameter of nearly one and a half

inches, while the part which projects beyond the gum exceeds

one and three-fifths inches.

The teeth just described have a close resemblance to those of

the specimen from the Chatham Islands, described and figured

by Hector (1872, pi. v.) under the name of Epiodon chathamensis,

now usually regarded as a synonym of Z. cavirostris. They are

also precisely similar to those of a specimen. No. 21248, from

Bering Island, described and figured by True (1910, p. 52,

pi. xxii. fig. 4) and regarded by him (pp. 31, 35) as probably

belonging to an adult male. It is important to notice that the

Wexford specimen was definitely ascertained to be a male, from

its characters in the flesh ; and it thus confirms the accepted

conclusion that the teeth of Ziphius are larger and more massive

in the male than in the female. In the paper just cited (p. 54)

True states his conclusion that adult males have '' fusiform teeth

with closed roots and a diameter of from 25 to 30 mm.," while

in females they are " quite slender, with a diameter of from 10

to 14 mm."
The specimen* from Unionhall, Co. Cork, was stranded on

Feb. 13, 1913 ; and it was described as much injured, being in

an advanced state of decomposition, with most of its skin worn

away. There are thus no observations to record with regard to

its colour or sex. Its length is said to have been 20 feet. The
lower jaw had a considerable resemblance to that of Hyperoodon

;

and, as there were no teeth piercing the gum, it was supposed

that it belonged to that genus. The examination of the skull,

two years later, at once corrected this mistake. The absence of

the large maxillary crests which are so characteristic of Hyper-

oodon is alone sufficient to show that it cannot belong to thtit

genus ; while as features specially distinctive of Ziphius and

possessed by this specimen, mention may be made of the peculiar

form of the premaxillje and the great difi'erence between those of

the two sides, as well as of the elongated nasals, separated from

one another by a long suture. The length of the skull is about

3 feet 3 inches; the Shetland skull described by Turner (1912,

p. 77) being 36^ inches long.

In his recent elaborate account of the cranial characters of

Z. cavirostris, True (1910, p. 54) states his belief that the two

sexes of this species are distinguishable from one another by

certain well-marked cranial characters, in addition to those

afibrded by the teeth, as noted above. He admits, however,

tliat the sex of some of the specimens from which his conclusions

were drawn was not definitely known. The adult male was

believed to be distinguishable by the great development of the

" mesorostral ossification " (Turner) and by the presence of a

deep " prenarial basin." In the adult female the mesorostral

ossification is less developed, while the premaxillse are narrow,

* For assistance in obtainiiiir the skeleton of this specimen, the Museum is i)i

flebted to Mr. J. Phelau, of H.M. Coastguard, Unionhall.
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and flat proximallj (pp. 35, 36), and the prenarial basin is un-
developed. It appears to me that these conclusions ai'e well

founded ; and applying them to the Unionhall specimen, there

seems eveiy reason to believe that it was a female. This con-

clusion is strengthened by the fact that the teeth of the apex of

the lower jaw do not cut the gam, although the dissection made
by Mr. Pycraft proved that they are present and of cousidei'able

size, projecting for about 25 mm. beyond the bone of the jaw
and nearly reaching the surface of the gum, and having a Ijasal

diameter of about 13"5 mm. It should be added, however, tliat

the Unionhall specimen was not fully adult, since the sutiares of

the skull are still extremely distinct, while the epiphyses of the
vertebrae are not yet ankylosed to the centra.

It would be extremely desirable to be able to state characters

by which a Zlphius in the flesh can be distinguished certainly

from the other Ziphioid Whales ; but I am not prepared to do
this without further study of the subject. In the case of the
males, in their adult condition and probably at earlier stages of

their life, the occurrence of a pair of large teeth at the exti'eme

front end of the lower jaw and cutting the gum is probably
amply sufficient for recognition, particularly when taken in con-

junction with the absence of the enormously swollen forehead

so characteristic of the adult male Ilyperooclon. But a young
Ziphioid Whale of either sex, or an adult female which has no
teeth visible during life, is less easily referred to its proper
genus.

It has already been pointed out that the Wexford specimen of

Z. cavirostris and von Haast's New Zealand specimen (1880,
pi. xxiii.) were white above and dark below—a type of coloration

which is by no means common in Cetacea. Other specimens
which have been referred to this species were, however, dark
above, even on the head, and light below. Making full allowance

for the uncertainty which so often prevails with regard to the

real colour of Whales, owing to post mortem changes and to the

fact that the examination frequently has to be made some time
after death and under unfavourable conditions, it must be con-

cluded, in the present state of the evidence, that Z. cavirostris is

a species of very vaiiable coloration {cf. True, 1910, p. 35). It

may further be noted that according to Van Beneden (1888,

p. 60) the rostrum and forehead of Hyperoodon become white in

polour with age. The projection of the lower jaw beyond the tip

of the snout is appai-ently a positive character of Ziphius
;

and the snout is probably less distinctly marked than in either

Mesoplodon or Hyperoodon,
A further difficulty in defining the external characters of

Z. cavirostris arises from the uncertainty which prevails with
regard to the two mandibular teeth in the female. In some of

the published accounts of this sex, these teeth are descr-ibed as

visible during life ; while in the Unionhall specimen (probably a

ifemale) they were completely concealed beneath the gum.
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It is hardly necessary to attempt to give a full account of the

literature of the subject in this preliminaiy paper, but it may be

convenient to refer to the lists of recorded occurrences given by
Turner (1872, p. 770), Flower (1872, p. 207), Van Beneden

(1888; p. 86), and True (1910, p. 30); the Memoir last cited

giving far the fullest account of the general characters of the

species at present published, and being accompanied by excellent

figures of skulls and other parts of the skeleton.

With regard to published figures of the entire animal it may
be noted that some of the earlier representations are so different

from one another that, in the absence of other evidence, it would
be hard to believe that they all represented the same species.

Attention may, however, be directed specially to the following

published illustrations :

—

A Spanish specimen figured by Cabrera (1914, p. 380), who
records three specimens from Santaiider, Bay of Biscay

;

Specimens respectively from Alaska and jSTewport, Rhode
Island, of which photographs are reproduced by Tiaie (1910,

pi. xli. figs. 3, 4).

It may be noted finally that whether all recent specimens of

ZiphiiiiS are referable to a single species or not, there is every

reason to believe that the Irish specimens belong to Z. cavirostris
;

a conclusion reached with regard to the Shetland skull by
Sir William Turner. This species was named by Cuvier (1823,

p. 352) on the evidence of a skull obtained from the Bouches-du-

Rhone, at first regarded as a fossil specimen, but shown by later

writers to have been really that of a recent animal.
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39. Fauna of West Australia.—III. A new Nemertean,

Geonemertes dendyi, sp. n., being the first recorded

Land Nemertean from Western Australia. By W. J.

Dakin, D.Sc, F.Z.S., Professor of Biology in the

University of W. Australia.

[Received August 5, 1915 : Read Novejiibev 9, 1915.]
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Land nemerteans are notoiiously rare animals, and it is there-

foie pcirticulai-ly interesting to record a new species from the

Western State of Australia. The record is interesting too, becauise

the other known species in Australia comes from Victoria and Kew
South Wales, about two thousand miles distant from this western
locality. The country between can scai'cely be called suitable for

the distribution of such an organism. The animal was discovered

by the author, whilst searching for Peripatus, in a valley in the

Darling Range not far from Perth. Land nemeiieans are cryp-

tozoic in habit aiid occur in the same situations as Perij^atus and
land planarians, yet no specimens have previously been discovered

in West Australia, although many scientists have made collections

of these latter Ciyptozoa . I, myself, have looked for PerijJatus and
land planarians in the Darling Ranges, and othei- parts of West
Australia, on very many occasions without ever meeting with a
specimen of Geonemertes. This first recoi'd doesuot indicate any
greater abundance, for only one isolated individual-—a mature

,female—was found. It is probable, however, that in the keen
search for Peripatus (when the attention is concentrated on
distinguishing this animal from its background) specimens of the

nemertean have been passed over as land planarians. Such, in

fact, would have been the case this time, if the animal had not
j^rotruded a long proboscis on being disturbed. •

The example belongs to the genus Geonemertes, and I have
much pleasure in naming the species after Professor Dendy, who
was not only the first to discover land nemerteans in Australia

and Kew Zealand, but w^ho elucidated many points in the anatomy
of the genus. The previously recorded species from Australia

and New Zealand are Geoneviertes australiensis Dendy, occurring

in Victoria, New South Wales, and Tasmania ; and Geonemertes

novce-zealandice Dendy, a very rare species occurring in South
Island, New Zealand. The new form G. dendyi is more like

G. austrcdiensis than the New Zealand species.

Hcdyitat.—The specimen was found under a small log in a
rather damp situation, about two yards from a small stream, in
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one of the valleys near Armadale. Under the same log Avere
two specimens of PeripaUis gilesii, a slug, and some of the usual
small cryptozoic arthropoda. Scutigera was also common in the
neighbourhood.

External characters.— Geoneniertes dendyi is apparently much
smaller than the East Australian species, for its total length when
living and uncontracted was only 15 mm. (proboscis retracted).
The greatest breadth occurred at a point about one third of the
length from the posterior end. Just in front of this was a
slight constriction, as if the animal had been nipped. It is

probable that this feature is only some temporary or individual
character of the specimen captured, but as no others are to hand
for purposes of compaiison, it is worth mentioning.

Text-figure 1.

Geonemertes dendyi.

A. Dorsal view. B. Antevior end considerably enlarged.

The colour of the living animal is brown-pink, but the shade
is not uniform over the entire surface. The lateral parts of the
body are more of a light flesh-colour and signs of the large ova
were visible, showing through the skin. The under surface is

pale. On the dorsal surface, and most prominent on the posterior

third of the animal, are two dark stripes of chocolate-brown.
They are not sharply defined, and the dissecting-microscope
indicated that they are collections of little brown spots. There
is just a faint indication of the continuance of the stripes forward
over the anterior part of the dorsal sui'face.

Close to the anterior end of the body, and on the dorsal surface,

are the eye-spots. According to Dendy, Geonemertes australiensis

differs from other known species of Geonemertes in the possession
of a large number of eyes. The New Zealand species has only
four eyes, and four or six are the usual numbers. In Dendy's
specimens from the eastern states the eyes numbered as many
as thirty or forty, and they weie arianged in two groups. It is
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interesting to note that the author describes each group (con-

taining about 20 eyes of various sizes) as sometimes showing
indications of a division, into an anterior and a posterior

group, and he says tlia,t " it suggests that the numerous eyes

of G. australiensis may have been derived by subdivision of four

eyes, two large anterior and two small posterior, such as we find

in G. chcdicophora.''

In Geonemei'tes dendyi tliere are four quite distinct groups of

eyes—two anterior groups of hirge eyes, and two posterior groups
of smaller eye-spots. There are five or six spots in each of the
anterior groups and three in each of the posterior, making a total

of sixteen.

Anatomy.

The anatomy of the animal as made out from serial sections

does not differ in any points of importance from that of G. aus-

traliensis. Unfortunately, the animal was fixed in an acid fixative

and consequently it is impossible to see anything of the calcareous

stylets.

The epidermis and basement-membrane are both of the usual

type. There are no rod-like bodies, and calcareous bodies like

those described by Dendy in G. australiensis are not to be seen.

This, however, is no proof of their absence, for Dendy was never
able to find them in his sections although no acid fixative was
employed.

W ithin the basement-membrane are two layers of muscle- fibres,

but judging from the figures the thickness of the layers is not
so great as in G. australieitsis. The outer sheath is of circular

fibres, the inner of longitudinal muscle-fibres. If a layer of

diagonally disposed muscle-fibres exists between these two sheaths,

it is not evident in the transverse sections. Tlie muscular dia-

phragm, described by Dendy as a develoj)ment in the cephalic

region, is well seen in the present species.

The alimentary canal exhibits no new points. In the specimen
sectioned the lumen of the canal is almost obliterated by masses
of protoj^lasm such as have been described by von Graft" as

occurring under certain conditions in G. chalicoj^hora. The mouth
opens into the rhynchodasum as in G. australiensis and the New-
Zealand species. The position of the opening is in front of the
cei'ebral ganglia.

7^he Lateral Organs.—Two distinct cephalic or ciliated pits are
to be found on the ventral surface near the anterior end of the
body. The ducts pass almost vertically upwards toward the
cerebral ganglia and then turn rathei' abiuptly and run toward
the sides of the body. Cilia can be traced in these ducts for a
considerable distance—they a.re to be seen where the ducts are
quite close to the ganglia. There is little to add further in con-
nection with these, except that the ducts come into rather intimate
connection with a curious mass of tissue lying ventrally and
slightly postei-iorly to the ventral lobes of the brain. This is

probably what Dendy calls the " oesophageal organ." The tissue
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is most certainly non-nervous. It stains an intense blue with

lifemntoxylin and has all the characters of glandular tissue.

Cephalic Gland.—^One of the most curious differences between

G. dendyi and G. australieiisls is the apparent lack of a well-

developed cephalic gland. I must confess that I cannot recognise

any structures in my sections which seem to fit in with the descrip-

tion given by Dendy. The sections were stained with hsematox-

ylin, and glandular structures are well brought out. The dorsal

glands are well developed, and agree in position with those

described as occurring in G. aiistralie)i,sis, but there are no other

distinctly " large, irregular, glandular masses, closely packed

together—staining deeply with hfematoxylin " overlying the

dorsal lobes of the cephalic ganglia. The only well-developed

glandular structures in this position are the anterior glandular

masses of the dorsal glands.

Reproductive Organs.^The single specimen so far known is a

mature female, and there is no trace whatever of male organs.

The sexes are also separate in G. aiostraliensis. In the classifi-

cation offered in Benham's treatise (Treatise on Zoology, Ed. by

E. R. La^ikester, Part iv.)the genus Geonemertes is placed in the

family Prosorhocmidae :
" With four eyes, cerebral organs are

rudimentary. Cephalic gland large. Mouth and rhynchocoel

coincident. Usually hermaphrodite." If G. dendyi is considered

as one member of this family, the diagnosis of the latter i-equires

to be made a little more general.

In G. dendyi the ova are found throughout almost the entire

length of the body—the most anterior ones occurring just pos-

terior to the brain-masses. They are present in difierent stages of

growth, but most of them are very large and apparently mature.

Curiously enough, I cannot detect the genital ducts which are

figured so distinctly by Dendy. In one or two places there are

signs that might be interpreted as remains of these ducts. If

one did not know, however, that such structures did exist in the

genus, they would never be suspected from my sections.

Summary

The characteristic features of Geonemertes dendyi, sp. n., are as

follows. The length of the mature female is about 15 mm. when

ci'awling. The colour is brown-pink, with two dorsal and some-

wdiat posterior darker longitudinal bands of chocolate-brown.

The eyes are arranged in four groups—two anterior, each of five

or six larger spots, and two posterior groups, each of three smaller

eyes, making about sixteen or seventeen altogether. Lateral

organs are well developed, opening by chai-acteristic ciliated

cephalic pits on the ventral surface at the anterior end. The

mouth opens into the rhynchodseum. Tlie sexes are distiAct.

Cephalic gland apparently not well developed. Other structures

ao-reeing well with the description of similar parts in G. austral-

iensis. The specimen w-as found under a small log, together

with Peripatus gilesii, in the Darling Hills, Western Australia,

i\ot far from Perth.
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40. Fauna of West Australia.—IV. Pahemonetes ausfralis,

sp. n., being the first record of the genus in Australia.

By W. J. Dakin, D.Sc, F.Z.S., Professor of Biology

in the University of W. Australia.

[Received August 5, 1915 : Read November 9, 1915.]

(Plate I.*)

Index.
Ststematic : Pa2;e

Fal(emonefes austrnlis^ sp^ iii 571

With the exception of the Phyllopoila and the crayfishes, few-

aquatic animals appear to have been collected and recorded from
the fresh waters of Western Australia.

Among the so far unrecorded species is a prawn-like crustacean,

which is extremely common in many of the rivers near Perth.

What its actual range in the continent may be, remains to be
discovered. The species was first found by the aiithor in a tow-
net which had been thrown at random from a river-bank and
pulled back ; the net just scraped the bottom on the way. About
fifteen specimens were caught in this very short, careless haul,

and as the animals are pretty active in their movements they
must have been present in large numbers in the water.

Since the first discovery, specimens have been obtained from
several other districts. All proved on investigation to belong to

the genus Pcdcemonetes. This new record marks a considerable

inci-ease in the known geographical range of this genus. So far

as I can determine, only one species of ralcemonetes is known to

occur in Europe, but that is found in Sweden, Denmark, Belgium,
France, Italy, Spain, and the Black Sea. It has also been collected

in the -British Islands and even so far south as Egypt. This
species, Palcemonetes varians, lives in water that is more or less

brackish and close to the sea, as well as in the perfectly fresh

water of lakes and rivers.

Most of the known species of the genus Palcemonetes appear
to be American—the following having being recorded. Palcemo-
netes vulgaris (sea-water

—

h&js and estuaries of U.S.A. coast),

Pcdcemonetes exilipes Stiinpson (fresh-water—U.S.A.), P. carolinus

Stimpson (marine—U.S.A. coast), P. argentinns Nobili (South
America), P. kadiakensis Rathbun (North America), P. calcis

Rathbun (blind species found in caves in Cuba), P. antroi^um
Benedict (blind species from an artesian well in Texas), P. eigen-

manni Hay (blind species from ca.ves in Cuba). The Rev. T. R.
R. Stebbing writes me that he has described and figured a species

* For explanation of tho Plate s«e p. 574.
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from Natal, so that South Africa has also a representative of the

genus. It is surprising to find that, on the whole, there are only

slight differences between the Australian species and P. varians

from Europe or the species known from the American continent.

Habitat in West Australia.—Specimens of P. australis were
first met with at Northam, a small town inland on the plateau,

about 70 miles from the coast and at an elevation of roughly

500 feet. They were captured in the River Avon, where it breaks

up into small channels below the weir. The water is of course

quite fresh. The largest specimens obtained have been caught

at the above place, and the animal is quite plentiful at all seasons

of the year. Large-sized specimens have also been captured in

Gin Gin Brook, about 50 miles north of Perth and at an elevation

of roughly 300 feet. Mr. W. B. Alexander, M.A., of the West
Australian museum, has placed in my hands collections captured

in Bibra Lake and the Serpentine River. The lake is a small

expanse of water only a foot or so deep, if that in the dry season,

and is situated on the coastal plain not so very far from the sea.

The habitat of these lake specimens is very different from that of

the Northam examples, and there is a characteristic difference

in the size of the individuals, those from the Northam River

being the larger. The average length of the individuals caught

at Northam is 32 mm., against 20 mm. for the Bibra Lake type.

The Serpentine River is about 34 miles south of Perth, and

the specimens were caught where the river leaves the hills and

enters the coastal plain. The specimens from Northam are

described and figured as the type specimens of Pakemooietes

australis.

Description".

Body stout. Le]igth of largest specimens 39 mm, from end of

telson to tip of rostrum, and 72 mm. to tip of outstretched antennae.

The living animals are transparent, with a preA'ailing amber-green

tint. Brown pigment flecks occur laterally on the posterior

margins of the abdominal terga, and there are sometimes two
delicate longitudinal lines on the carapace somewhat laterally

situated. The carapace is not quite so long as the last three

abdominal segments. The sixth abdominal segment is almost

twice the length of the fifth.

Rostrum.—The rostrum is long and about equal in length to the

carapace, biit may be very slightly longer or shorter. The tip of

the rostrum exceeds the distal margin of the antennal scales.

The rostrum is laterally compressed and has a pronoimced

curvature trending upwards towards the apex, A few small

chromatophores are present. The dorsal armament consists of

usually five or six teeth which are almost equally spaced along

the entire length of the rostrum. This is without counting a

distal tooth which forms the upper poi'tion of the bifid apex.

The most posterior dorsal tooth is well behind the orbital notch,

and the next one is immediately over it. There are three or four
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ventral teeth. The dorso-veiiti-al thickness of the rostrum is not
so great as that of P. varians.

Eyes.—The eyes are well developed and on fairly long stalks.

Antennules.—The antennules are as long as the abdomen with
telson. The peduncle when extended does not attain the length

of the rostrum by about one-third of the latter, and falls short of

the distal margins of the antennal scales by about one-fifth the
length of the scales. The shorter ramus of the outer antennule
is fused to the longer for about half its length.

Antennce.—The antennal scales are large, long, and broad, and
more than twice the length of the antennal peduncle minus the

first segment. They are not quite so wide distally as proximally.

The antennal peduncle falls short of the fiist segment of the

peduncle of the antennule.

Mandible.—The mandibles are without palps. Incisor and
molar processes are well developed and tipped as indicated in the

figure.

MaxiUuke and Maxillce.—These appendages are a,s figured.

They possess no features of systematic importance marking them
ofi'from the similar appendages of P. varians.

Maxillipedes.—These are similar in structure to those of P.

varians. The third maxillipedes when extended reach approxi-

mately to the end of the antennary peduncle.

Perceopods.—The second peraeopods are the longest, and when
extended they overlap the antennary scale by palms and fingers.

The third perseopods are about as long as the first, the fourth a
little longer, and the fifth pair are the longest of the posterior

three. The first pair of perseopods attain almost the apex of the

antennary scales when extended forwards. The chelae of the

second pair are shorter than the carpus, and the dactylus slightly

more than two-fifths length of palm.

Telson.—The telson is longei- than the preceding segment. It

terminates in the mid-line with a spine. The armament consists

of two pairs of stout spines and one pair of setae. The latter are

situated one on either side of the median spine. The posterior

margin of the telson differs distinctly in shape from that of

P. varians. Two pairs of spines are present on the dorsal surface

of the telson.

Conclusion.

Palcemonetes australls occurs in the fresh-water of rivers some
distance from the coast in West Australia, and is also found in

shallow lakes on the coastal plain.

Females bearing eggs which have been just extruded have

been captured in September (Bibra Lake), and others bearing

embryos not far from the hatching stage have been collected

on January 1st from Gin Gin Brook. This would indicate that

the breeding season coincides with the early months of the

summer—the dry season. Most of our West Australian fresh-

water animals breed in the winter or spring, and many possess

Proc. Zool. Soc—1915, No. XL. 40
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drought -resisting eggs. Unfortuately, newly hatched larvae

have not yet been captured, so that we are unable to figure this

stage.

The species of Pcdcumonetes known at present differ but slightly

from one another, and the chai'acters of most importance

systematically which mai-k the Australian species are (a) rostrum,

(b) rami of antennvde, (c) length of perseopods and their

segments, {d) telson.

EXPLANATION OF THE PLATE.

I'alcBmonetes australis.

Fig. 1, Rostrum (form with seven dorsal spines). X 9.

2. Outer antennular tiagellum (basal portion).

3. Atttenijal scale and base of autepna. X 8.

4. Mandible. X 20.

5. First maxilla. X 12.

6. Second maxilla. X 12.

7-9, First, second, and third maxilHpedes. X 12.

10. Second pera;opod. X 7.

11-13. Third, fourth, and fifth perKopods, X 3.

14. Telson, X 12,
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41. The Keeping and Breedino- of Tasmanian Devils

{Sarcophilus harrisi). By Mrs. Mary G. Roberts,

C.M.Z.S., M.R.A.O.U.

[Received June 21. 1915 : Read October 26, 1915.1

(Text-figure 1.)

Part I.

Until I was asked by Mr. A. S. Le Souef, Director of the
Zoological Gardens, Moore Park, New South Wales, early in 1910
to obtain, if possible, Tasmanian Tigers {Thylacinvs cynocephalus)
and Devils (^Sarcophilus harrisi) for the London Zoological Society,

I had never thought of keeping either of these animals in my
collection ; in fact, they were quite unknown to me except as

museum specimens, although I had frequently visited remote
parts of our island. 1 have vivid recollections, however, of how,
when a young child at boarding-school in the late forties, some
of the girls from Bothwell, near the Lake District, used to give
graphic and terrifying accounts of the Tasmanian Devils with
their double row of teeth. This belief is not yet exploded, as it

was impressed upon me lately with the utmost confidence by a
country visitor that such was the case ; he not only believed, but
said " he had seen." The teeth have been desci'ibed to me by a
scientist as truncated.

Shortly after hearing from Mr. Le Souef, by means of adver-
tising, writing, etc. 1 obtained three for the London Society, and
having then become thoroughly interested I determined to keep
some myself. Since that time a large number have passed
through my hands, and more than once I have been " a woman
possessed of seven devils.'"'

In April 1911 I received a family (a mother and four yoving),

and again in September of the same year a similar lot arrived.

The former were very young, and I had the opportunity of

watching their growth almost fi-om their first appearance when
partly protruding from the pouch. When sending them, the
trapper wrote that •' the mother was so quiet, I need not be afraid

to pick her up in my arms." The little ones hung from her pouch
(heads hidden in it), and she lay still and motionless as if afraid

of hurting them by moving, and allowed me to stroke her head
with my hand. However timid they may be, and undoubtedly
they are extremely so, growling and showing their teeth when
frightened, they always evince this gentleness and stillness when
nursing little ones.

The skin of the young, on arrival, had the appearance of a

slate-coloured kid glove, the tail darker towards the tip. The
hair could be seen growing black and velvety from the head
downwards, the latter being hidden in the pouch for some days.

40*
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and it was interesting to note the progress of the growth of the

hair from day to day. The shoulders were covered while the

hind-quarters were almost, or quite, bare, although a faint streak

of white was discernible where the white markings were to come
later on. At this early stage, should the mother get up to

move about, which she rarely does in the daytime, the young
somehow scramble into the pouch again.

This family went later to the London Society, but the second,

which came on the 1 6th of September, I kept for my own pleasure,

with the exception of the mother ; as she had lost a foot when
being trapped, I thought it best to have her destroyed later on.

Unfortunately, when they were about half grown one escaped into

the garden, and the next morning her mutilated remains were

found—she had fallen a victim to our two fox-terriers. The three

survivors have been ever since an unfailing source of interest

and amusement to my family, to visitors, and myself. When a

bone or piece of meat was thrown to them a tug-of-war was
always the result, and sometimes a chase into one door and out

of the other of the little cave. At other times, while one has

been holding on to a bone held in my hand, I have lifted it

completely oft" the ground, while another would cling on round
the waist and tiy to pull it down.
Many visitors from the Commonwealth have heard such exag-

gerated accounts of the ferocity and l^gliness of the Tasmanian
Devil (others, again, have believed it to be a myth), that they

sometimes express surprise when they see them so lively, sprightly

and excited, running out to my call ; they then remark, "the
devil is not so black as he is painted."

Two of these Devils were latterly kept together as a pair, and
for the purposes of this article I will call them Billy and Truganini,

after the last two survivors of our lost Tasmanian race. These
showed no disposition to breed until April 1913, and my obser-

vation of them and of many others that 1 have had in my keeping

is, that the disinclination to take up maternal duties is always on
the part of the female. I then noticed suddenly a decided change

—

that Billy would not allow her to come out of their little den ; if

she did venture when called to be fed, or at other times, he imme-
diately attacked her and would drag her back by the ear, or any
other part, but although otherwise cruel, he would carry food in to

her. When I called her, it was pitiable to hear her whining ; but

it was of no avail, for Billy was a relentless tyrant and kept her in

strict seclusion for quite ten or twelve days ; then early in May he

allowed her to be free once more. From thence onward, although

they were sometimes peaceable and affectionate, the balance of

power was completely on Truganini's side ; she constantly resented

his approach by biting and snarling at him : it seemed as if

coming events cast their shadows before, and she instinctively

felt that he would do the young some injury. From now her

pouch was anxiously scanned day by day, but it was some time

before I could be sure that it was gradually enlarging. I had been
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advised by Dr. Hornaday, of the New York Zoological Pa.vk, that
if ever the Tigers or Devils were likely to have young, to remove
the male, and as soon as I was certain, I had Billy taken away

and placed with the other member of the family. This made
Truganini most unhappy, as he was near enough for her to hear
him, besides which, the two males fought ; so, being cautioned by
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luy family that pei'haps my inteiference might cause a disaster,

I yielded and replaced him, doing so with many misgivings.

Matters went on much the same until late in September, when to

my delight a tail, and at other times part of a small body, could

be seen sticking out of the pouch, more especially when the
mother sat up to wash her face, or rolled upon her back ; unlike
domestic cats, the devils use both paws for washing, placing them
together and thus making a cup-like depression which, when
thoroughly licked, is rubbed well over the face. Everything looked
very promising on the Sunday before Michaelmas Day, when I

noticed Truganini carrying large bunches of straw about in her
mouth, evidently seeking for a retired place to make a bed, and
we had already placed some fern logs in a corner of their yard.

As Billy would follow her about and interfere, I had a box put
down with a hole cut in the side that she might hide under ; but
it was of no use, as where she went he would also go, and a scrim-

mage was the inevitable result. Early next morning, with many
misgivings I left home for ten days, only to find on my return
that her pouch was empty and that the young had disappeared,

and as no remains whatever had been found, I could only conclude
that they had been eaten by Billy.

Thus ended all my hopes and anticipations for 1913. I have
not so far related an incident that took place just before the

breeding-season. Being hopeful that Truganini might have
young in her pouch, and my assistant being as usual very busy,

Professor T. T. Flynn, of the Tasmanian University, who is

always interested in our marsupials, kindly offered to examine
her pouch. As soon as an attempt was made to catch her, Billy

grasped the position of afiairs and fought to defend her with all

his might, even getting behind her in the little cave, putting a

paw on each shoulder and holding her tightly, lest she might get

into what appeared to him to be the danger zone. By dint of

perseverance and a little strategy he was outwitted at last, but
our hopes were doomed to disappointment.

Truganini has now passed through another period of retirement,

and I am hoping to record shortly a greater measui'e of success

for 1914.

T cannot close this article without a few words in defence of the

Tasmanian Devil, as I am sure that it is more or less "misunder-
stood," and the article with photograph published in the ' Royal
Magazine' for October 1913 under the name of L. E,. Brightwell,

F.Z.S., is, I consider, greatly exaggerated both as regards their

appearance and character, viz., " They ai-e well named, for they
tear everything, even sheep, to pieces if they get the chance.'"

On several occasions when one of mine has escaped, the only
mischief done has been the destruction of a fowl or a duck or two.

It would have been just as easy for a wallaby to have been killed

if they had had the inclination, about which our fox-terriers would
not have hesitated for a, minute if a chance had occurred. When
in transit to London last year one escaped, and I have been told
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by the chief officer of the vessel that " the passengers were much
alarmed as there were children on board, and someone went about
with a revolver." Later I came across the butcher who was in

charge at the time, and he appeared to have been rather amused
than otherwise, and told me the missing one was discovered at

last quietly sleeping under the berth of one of the sailors ! I

don't wonder, with the reputation that the devils have, that the

passengeis were alarmed.

Part II.

Having written so much in the first part about the keeping

and breeding of Tasmanian Devils, I fear I have not many fresh

facts to relate for 1914. The season arrived a month earlier, and
Billy released his little mate from retirement on the 20th of

March. She was just as disagreeable to him afterwards as she

had been on the former occasion, biting and snarling whenever
he approached her, and on the 8th of July I removed him from
the enclosure. There was nothing of importance to note until the

30th of the month, when a little tail was seen sticking out of the

pouch, and on the following day a foot and thigh were visible.

I will now give my observations on certain days following.

August 3rd—Little ones partly hanging out of pouch. I must
not forget to state that about this time, or a little later, Truga was
observed carrying bundles of straw about in her mouth, with

which to make her bed, and finally took them behind the fern logs

that we had thrown down, but unfortunately I omitted to note the

exact date. 4th, 5th, and 6th—Sometimes saw three tails only.

7th—A little one lying on its back, feet in air and head in pouch.

On the 9th, for the first time, the man saw one standing alone on
a fern log, when it immediately scrambled down to the mother.

10th, 11th, and 12th—Mother frequently seen, sometimes with

only three tails observable, at other times little ones exposed,

bodies resting on the ground with the heads hidden. From
these observations, I may point out how difficult it is to know
exactly when the young are able to leave the pouch, it being

coincident, I think, with the making of the bed by the mother.

On the morning of the 13th Truga ran out to meet me, jumping
over fern logs, and left a little one whining behind, having the

tails of the other two and a foot showing outside the pouch
;

she went back at once to the young one, when it immediately got

on her back. 14th—Mother came out with two dangling from
her, leaving a little one behind crying ; she at once ran back and
returned with all three in her pouch. ISText day when she came
forward to meet me, only two tails and a foot could be seen.

16th—All three were hanging out, and instead of jumping over

ferns as usual, she had scraped away the straw and earth and
came out from an opening underneath them. By this time they

were getting quite covered with hair, white markings distinct, and
sometimes when disturbed they would make a faint attempt at
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a bark. From the 19th to the 23i'd inclusive they were occasion-

ally seen all together out, yet on the three days following I

saw her about with two dangling from her. On the evening of

the 27th, upon her running out to meet me, I threw her some
meat, which she carried in to the young, afterwards returning for

more for them, and eventually lay down contentedly in front of

the opening. 29th—All three playing like puppies, biting each
other and pulling one another about by the ears. iiOth—Whole
family hanging from the mother as she ran out, and one hardly
knows which to admire most, her patience and endurance, or

the hardihood of the young in holding on and submitting to so

much knocking about. The whole process seems very casual and
most remarkable, when compared with the breeding and rearing

of other marsupials. With the Kangaroo and allied types the
head is seen first, looking out of the pouch, and in the early stages

is quite bare. Sept. 1st—Young ones playing in their little

corner. 9th—Not been seen this month in their mother's pouch.

30th—Coming out all alone for pieces of meat and evidently able

to look after themselves. At the beginning of the New Year
I removed them to other quarters and replaced Billy, much to the
annoyance of Truga ; probably she resented the loss of her little

ones, and showed her anger by biting him severely about the
body and leaving various tooth-marks.
From observations made during the two seasons, I have come

to the conclusion that about four months and a half elapse

between the breeding-season and the time the young are able to

leave the pouch.

The baby devils had the sense of smell very strongly developed ;

immediately 1 approached, their nostrils would begin to woi-k and
a vigorous sniffing would go on. They were also expert climbers,

and although I had some specially constructed yards made, they
would get up the wire-netting and walk along the top rail quite

easily ; at other times they would climb a pear-tree growing in

their enclosui*e and sit in the branches like cats.

General Remarks.

I have alwaj^s found devils rather fond of a bath
;

quite
recently, going down to their yard after an illness and finding
only a drinking vessel, I ordered a larger one to be put in, and
they showed their pleasure by going in at once, sometimes two
at a time. I have occasionally poured water from a can over
them, when they would run to and fro under it with much
enjoyment.

Their sight in daylight is rather defective ; they seem to pick
up their food more readily by smelling than by seeing, and I

think they can see objects better at a distance.

At the present time I have six running together, my own three
and three that I bought when in their mother's pouch. All are
tame, frolicsome, and lively. I can go in and have a bit of fun
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with them, and when I am outside their enclosure they frequently

climb the wire-netting to the height of nearly six feet, and get

their little black faces close to mine with evident delight. We
have tried more than once to get them photographed, but it is

impossible to keep them quiet, they are on for a scamper all the
time. Recently an adult escaped, and it was discovered by a
passing school-boy sitting on a high fence bordering the street,

under the shade of some elm-trees, many people passing on the

foot-path without observing it. They are, however, always very
timid when coming down.
They are fond of the sun, and look well when basking in it, the

rays shining through make their ears appear a bright red, fore

feet parallel with the head, hind-quarters quite flat on the ground
and turned out at right angles, somewhat as a frog.

My sympathy with my little black " brothers and sisters " is

intense, probably evoked by having suffered much mentally owing
to the gross cruelties which have come under my notice, the
result of capturing them in traps. Frequently three or four have
been sent to me in a crate, only to find later on one with a foot

shot off or a broken leg. In a consignment received some time
ago, a dead one was found ; it bore unmistakable signs of a snare
previously, round the neck, one foot was gone (an old injury),

and finally a recently smashed leg much swollen, the cause of

death. I communicated with the S. P. 0. A., and since then
have had none from that district.

I have derived much pleasure from studying the habits and
disposition of the Tasmanian Devils, and have found that they
respond to kindness, and certainly show afi*ection and pleasure

when I approach them. I have been led to believe that no case

of their breeding in captivity has been recorded, and certainly

not in Tasmania.
Others who do not know or understand them may Miink of them

as they like, but I, who love them, and have had considerable

experience in keeping most of our marsupials, from the Thylacine
down to the Opossum Mouse (Dromica nana), will always regard
them as first favourites, my little black playmates.
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42. Notes on the Feeding of Snakes in Captivity.

By E. G. BouLEKGER, F.Z.S., Curator o£ Reptiles.

[Received October 8, 1915 : Read October 26, 1915.]

Some years ago, in a paper contributed to the ' Proceedings

'

of the Society by Dr. Chalmers Mitchell and Mr. R. I. Pocock,

entitled "The Feeding of Reptiles in Captivity" (P. Z. S. 1907,

p. 785), a general account was given of the feeding habits of the

Snakes then living in the Gardens, together with records of alai-ge

number of individual specimens, showing the amount consumed
between the months of May and October. My own general

observations tally with those of Dr. Mitchell and Mr. Pocock,

and my object in presenting this paper is to lay before the

Society some additional facts, to show how unnecessary it is to

feed the snakes on live creatures, and to give a detailed record of

the amount taken and of the regularity of the meals in a number
of specimens over a period of a year.

Pi-evious to my appointment at the Gardens I had fed the few
snakes kept by me on live animals, being under the inflvience of

the popular belief either that many snakes would not take dead

food at all, or that, at any rate, in most cases much time had
to be spent in inducing them to do so. On taking over the

charge of the reptiles here, I confess I was surprised to find

how readily they accepted dead prey. I was nevertheless of

opinion that some individuals would not accept dead food under
any circumstances, and I therefore asked and obtained the

Secretar3''s jaermission to offer live food in certain cases where
dead had been persistently refused. From the summer of 1911

up to that of 1915, living prey was offered to nine snakes that

had refused the dead as food. The results given below are, I

think, convincing, showing that, with possible rare exceptions,

a snake that refuses to feed on dead animals is not more likely

to accept these if alive.

1. Anaconda [Eunectes murimos).

This snake, a large specimen, 16 feet in length, refused dead

food for the fii'st eight months of its captivity. A live duck was
offered on two occasions in the course of the first fortnight of the

9th month, but was refused on both. The third week it was
once more given dead food, and this was accepted. It has since

fed with the greatest regularity on dead chickens and ducks,

consviming on an average one a fortnight.

2. Reticulated Python {Python reticulatus).

This, a very large snake measuring 24 ft., had fed since its

arrival in 1898 with some regularity on dead kids and ducks.

In August 1911 it broke its jaw in the process of swallowing a
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kid. The jaw was set in plaster of Paris, and the setting was
removed a month later. After the accident it refused to feed,

and in November it was decided to tempt it with something
alive. Live ducks were offered on two occasions in November,
but were not taken. In the first week of December it was once

more given dead food—a duck, which was immediately accepted.

The snake unfortunately died a few weeks later.

3. Common Boa {Boa constrictor).

This snake, measuring 7 ft., was presented to the Society in

Jul)^ 1912. It had been kept in captivity some time before its

arrival here, and been fed on live food only. For the first two
months of its captivity at the Gardens it was offered dead rats,

i-abbits, and pigeons, all of which were refused. As it had pre-

viously fed well on live animals it was, in September and October,

ofiered such, but they were not taken. In November dead food

was again offered and this time accepted, the snake feeding

henceforth with some regularity up to June 1913, when pneu-
monia caused its death.

4. South-African House-Snake {Boodon infernaUs).

This snake had been kept by me for two years previous to my
taking over the charge of the reptiles here. It had been fed

on live mice. On its transference to our Gardens it at once
took dead food.

5. Puff Adder {Bltis arietans).

Received in June 1911, this snake fed with some regularity on
dead rats up to the end of December. For the first six months
of 1912, however, it refused food, and as it was getting thin we
decided in June of that year to let it have live food. Li^'e rats

were accepted during pai-t of June, July, and August, and part

of September. Towards the end of the latter month, dead food

was substituted and taken, the snake feeding on dead rats to

within a week of its death in January 1914.

6. BusHMASTER (Ldchesis onntios).

This snake was presented to the Society in December 1912.

As I had been informed by Mr. Mole, of Trinidad, who had
experience of this species, that it had never been induced to take

dead prey, after ofiering it dead rats for three consecutive weeks,

I obtained the permission to give it live food. The live rats

were, however, likewise rejected, and the snake died in March of

starvation

.

7. BusHMASTER (Lachesis mut^ts).

This specimen, received in April 1913, was likewise offered

living animals after i-efusing dead food foi- some weeks. It also

refused to feed at all, and died in September.
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8. Crossed Viper {^Lacli.esls alterjiatus).

This snake, received in April 1914, was offered living food

after- having refused dead prey for fifteen months. The live mice
vi'ere accepted, but unfortunately the snake died shortly after its

mieal.

9. Texas Rattlesnake {Crotalus atrox).

The snake, acquired in June 1909, fed from time to time upon
dead animals up to June 1911. Having refused food from then
up to September, and as it was becoming emaciated, in the first

week of September it was ofiered live rats, which were refused.

The following week it fed on three dead mice. From that day
to its death in January 1912 it refused all food whether live

or dead,

10. Texas Rattlesnake (Crotalus at7'ox).

As this snake, which was received in May 1912, refused dead

food for the first six weeks of its captivity, it was decided to

give it living animals, and it was offered live rats during the

month of July. It, however, refused both the live and the dead

food, and died in September.

Although a number of persons with much experience in keeping

these reptiles in captivity, have been unsuccessful in inducing

their specimens to accept dead prey, the above records, I think,

prove that, in our Gardens, at least, it is quite unnecessary to

give any snakes live food, as out of about 300 snakes kept here

during the period covering these observations, with the exception

of the Crossed Viper which died shortly after its meal, not a

single snake would feed on live animals only, and in four cases

dead food was accepted after the live prey had been refused.

A point greatly in favour of giving dead animals to the snakes

lies in the possibility of examining the former for tubercle. Up
to the month of June 1910 the animals intended for the snakes

were not examined. At the suggestion, however, of Professor

Plimmer, the Society's Pathologist, from that date onwards the

food has been carefully inspected and about 5 per cent, condemned,
with the result that tubercle in snakes which prior to June 1910,

accounted for 14 per cent, of the deaths, has been reduced to just

over 3 per cent. In the years 1908, 1909, and the first half

of 1910, before the inauguration of the new system, 33 snakes

in all died of tubercle, while since the examination of the food,

i.e. the second half of 1910, and the years 1911, 1912, 1913,

1914, and the first half of 1915, there have been 23 cases only.

It is generally believed that if snakes will take dead animals

these have to be quite freshly killed and warm. Such is,

however, not the case, for, as has been pointed out by Dr.

Chalmers Mitchell and Mr. Pocock, the prey is frequently not

taken until long after it has been introduced into the cages.
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As an instance of this, it is, I think, worth recording that one
of our large Indian Pythons on one occasion did not take a

rabbit which had been given it at 4 o'clock on a winter's after-

noon, until 9 o'clock next morning, when, as was only to be
expected after 17 hours in a temperature of nearly 80°, it was
in an almost putrid condition.

Another point of peculiar interest is that while tame rats are

acceptable to a large number of the snakes, wild rats are seldom
taken, and even when accepted are not digested but brought up
again a few days later. That this should be the case with rats

caught outside the Gardens is understandable, but the wild i-ats

I refer to are those caught in the Gardens and ai'e therefore,

living as they do on the remnants of the food provided for the
exhibits, comparatively clean feeders.

The experience of Mr. H. ]^. Ridley who, writing of the
pythons in the Botanical Gardens in Singapore, stated that small

specimens fed about once a month, large ones once in six to

nine months, did not coincide with that of Dr. Mitchell and
Mr. Pocock, who recorded the fact that the majority of specimens
fed with the greatest regularity during the summer months,
some only refusing food when about to shed their skins. As
may be seen below, my experience with the large snakes likewise

dijSers from that of Mr. Ridley : two large specimens feeding on
as many as thirty occasions during the year, the longest period

of fasting amounting to just over a month ; while of the smaller

specimens it will be noted that a Boa which did not fast for a
longer period than three weeks, fed on thirty-five occasions in

the course of a year.

The table on p. 587 gives a detailed record of the feeding of a

number of healthy specimens over a period of one year.
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43. Contributions to the Anatomy and Systematic Arrange-

ment of the Cestoidea. By Frank E. Beddard, M.A.,

D.Sc, F.R.S., F.Z.S., Prosector to the Society.

[Received October 1, 1915 ; Read October 26, 1915.]

(Text-figures 1-6.)

XVIII. On Taenia strvthioxi.s (Parona) and

Allied Forms.

Index.
P<i,2;e

Introductory 5^9

Description of i>rtyamert sp 590

I have in my possession a considerable number of examples of

a C'estode from the Ostrich Struthio masaicus, which are either

identical with Tceuia struthionis of Parona*, or belong to a

closely allied species. The description given by Parona is not

quite sufficient to enable the identity of his species and mine

to be established beyond doubt. But it is at least clear, as I

shall point out presently, by comparing the facts of structure

one by one, that the species described by Parona and that to be

described here by myself are not to be referred to the species

described under the same specific name by v. Linstow t.

Although the details given by Pavona are scanty, tJiey are

quite sulficient in my opinion to forbid any confusion between

his species and that more fully dealt with by v. Linstow. My
chief reasons for_ regarding them as two distinct species are the

following. In the first place, v. Linstow's Cestode was obtained

from Struthio molyhdophanes ; I infer that Parona obtained his

worms from Stridhio camelus. The scolex of Tcenia struthionis

of V. Linstow is only 1*18 mm. broad, while the species described

by Parona has a stouter scolex of 2 mm. diameter +.

" Ein eigentliche Rostellum ist nicht vorhanden "—says

V. Linstow of his species, while that described by Parona

has, according to his figure, a quite strong rostellum. Corre-

lated with this would appear to be the feebler character of

the rostellar hooks ill the worm from Struthio molyhdophanes.

The width of the proglottirls in the two forms also appears to

differ greatly ; in the Tfeniid described by v. Linstow, the diameter

is but 4 mm. ; while in Parona's specimens the same measure-

ment was from 8 to 9 mm., i. e. quite double that of the first-

named variety. This seems, like the other feature mentioned in

* Ann. Mus. Civ. Geneva, (2 a) ii. 1885, p. 425.

t Arch. Mikv. Anat. xliii. 1893, p. 447.

X Hut see the observutions of ZiHufT quoted later (on p. 591) which tend to

reduce the importance of this apparent difference, but do not affect what f'olh)ws

in the above resnme.

Prog. Zool. Soc—1915, Xo. XLL 41
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this brief account of difierences, to be hard to reconcile with
specific identity. The account given by Pai'ona of internal

structure is so slight that the comparison cannot be pursued
further.

A question of nomenclature thus arises. The name Tcmia
struthionis first occurs in Rudolphi's " Sj'nopsis '' *, it is there a

iiomeii nudum, but given on the authority of Houttuyn in

Miiller's edition of Linnteus f. In the earlier woi-k of Rudolplii J
the same worm (I piresume) is named Tcenia struthiocavieli, and
is also a nomen nuchtm, and again referred to Houttuyn in

Miiller's Linnfeus §. I am indebted to Mr. 0. Davies Sherborn
for kindly informing me that Houttuyn himself

||
does not i-efer

to the ostrich at all in his work, though T?enias are mentioned.
It is thus ei'roneous to term the species Tcenia struthionis or

Tcenia strvthiocaineli Houttuyn.
In Miiller's work there is no name given at all ; the occiiiTence

of a Tcenia in the ostrich being merely mentioned. Thus if a

nomen nudum has any claim at all to be admitted, the species is

to be' referred to Eudolphi and is to be called Tcenia struthio-

ccimeli, since the earlier of the two works by that author which
mention the species calls it by that name. Diesing ^, how^-

ever, quoting both Miiller and Rudolphi's two works, terms the

species Tcenia struthionis, but again as a nomen midtim. The
earliest actual description therefore of a Tcenich from Struthio is

that of Parona already referred to. We may perhaps safely

accept his name, since it is accompanied by a description though
not a conclusive one. I shall have to return again to this matter
in considering the species to which it seems necessary to refer

the worms which I now desciibe.
„

The scolex of the worm which forms the subject of the present

communication is a. little over 1 mm. in breadth in the two or

three examples in which I measured it. The region of greatest

breadth is opposite to the suckers ; but the breadth was not
increased by the extrusion of the latter. The suckers lay within
the contour of the scolex. It is clear therefore that this species

has a less robust scolex than Parona's Tcenia struthionis. But
while the actual measurements of the scolex of my species agree

more with those of the M'orms described by v. Linstow as Tcenia

struthionis, my species shows a scolex with a well-developed

rostellum, thus disagreeing with v. Linstow's worms and so far

agreeing with that described by Parona. This is very evident

from the figure given by Parona **, where the hardly extruded
rostellum is plainly exhibited. Parona does not state the number

* Entoz. Sjn. Mant. 1819, p. 173.

t Linne s NatuvffeschicLte von P. L. S. Miillev, Th. vi. Bd. ii. p. 904.

X Entoz. Hist. Fat. 1810, p. 209.

§ It is to be noted that the initials of Miiller are as stated here. He is referred

o as " St. Miiller " by Rudolphi, and " H. Miiller" hy Diesing.

II
Natnurlyke Hist'orie, vol. i. pt. 14, 1770.

*![ Systenia Helniinthuni. i. 1850, p. 555.
** Parona, loe. cit. pi. \ i. fig. 2.
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of hooks present on the rostelkim ; v. Linstow gives the number
found by himself as 180. I find in my species something
between 120 and 130. These hooks are, as in other Darainea, of

the well-known hammer-shape so characteristic of the family
Davaineidfe.

The hooks really form two concentric rows, wliich arrange-
ment is only clear in sections which pass through the " ha.ndle

"

part of the hook ; that they are of different sizes is only shown
in the " head"' of tlie hammer, where one series is much shorter

than the other ; I could find no such difference in thickness in

the " handle '' region of the hooks. An alternation between
lai'ger and smaller hooks is stated by Parona to occur in his

species. The hooks are of course implanted upon the edge of the
circular rostellum. They are of the usual golden-brown colour.

Von Linstow has represented the hooks of his examples, called

by him TiTvia strnthionis, as being weak and frayed out at the
point of implantation. I have found nothing of the kind in the
robust (though small) hooks of the examples examine.d by
myself.

My own observations a,re in fact more in accord with those of a
later investigator than those referred to. Dr. ZillufF*, referring

only to V, Linstow's paper and not to that of Parona, naturally

finds differences to record (" naturally " if I am correct in

thinking that v. Linstow's specimens are of another species than
that which Parona and I describe). He emphasizes the i-ostellum

and gives the diameter of the scolex as I'S'S ram., the dimensions
agreeing with mine rather than with Parona's. But this author
does not mention from what species of Siruthio he obtained the
material.

The sucker's are not armed, as is the case in certain other

members of the genus, a great pa.rt of the species of which have
armed suckers. I believe that I can state this fact positively.

Excepting where the retractor muscles are attached to the
suckers, the latter lie for the most part free within the cavity of

the scolex to which they are fitted. A space is generally visible

between sucker and body-wall. Although there is no apparent
difference that T could detect between the individual suckers, I

have noted in this worm a means of distinguishing the dorsal

from the ventral couple. The two dorsal vessels, instead of

ending in the medullary region like the ventral vessels of the
water-vascular system, bend dorsally, each of them perforating

the layer of longitudinal muscles of the cortex ends in the
neighbourhood of one of the suckers. The exact mode of ending
I did not ascertain. It is. therefore possible to distinguish two
of the suckers as belonging to the dorsal surface. The characters

of the musculature of the scolex I shall deal with later in

* " Vergleichende Studien iibei" die Muskulatur des Skolex der Cestodrn."
Iiian<r.-Diss. Univ. Zurich, 1912. (Publisbod also in Anh. f. Xatm-o-. of the sanie

j-ear.) See also Liilie in Zool. Auz. xvii. 1891, p. 2sO.

41*
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connection with the general .arrangement of the muscles of the
body.

Yon Linstow particularly mentions that in the species studied
by himself, the anterior part of the body is devoid of calcareous
bodies. In the specimens which I have examined by sections,

the calcareous bodies are peculiarly numerous anteriorly, and
especially in the scolex, where they form in parts closely aggre-
gated masses as is shown in the accompanying sketch (text-fig. 1).

Text-fisfure 1.

W. I/.

m.
Longitudinal section througli scolex.

ca. Calcareous bodies, h. Hooks seen in transverse section tlirougli "root."

m. Muscles of rostellum ending above in rostellum. .s. Sucker.

iv.v. Water-vascular tubes.

I need not describe their distribution in the scolex exactly, for

they occur everywhei*e between the oi^ter skin and the suckers

and rostellum, except, however, among the muscle-fibres of the

longitudinal muscular layer. Fui'ther back in the neck region

the medulla is lai^gel}" occupied by masses of calcareous bodies
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which are generally speaking very abundant in this species, so
much so that I should be inclined to add the abundance of these
bodies to any definition of the species. This is another reason
for refusing to accept the identity of the worms from Struthio
onasaicus with those from Struthio molyhdophanes.
The general shape of the body of this worm is as figured by

Parona. The anterior region of the body is slender ; it is much
wider posteriorly, but not by any means so wide as in the species

Text-figure 2.

T. Li Lz. , ^
,^^o ^ 6^/gr.

hi,m^^^.
Wwt

|;|5*V>^*-^ **®

«»4i
,

i 1 <9^^%/L.Zi «»*

#®

^:^':
* * 6

Part of a transverse section through a proglottid in anterior region of body.

G. Cuticle. Ij\ & Ij2. Laj^ers of longitudinal muscles. T. Transverse

muscles.

described by Parona. I found 5 mm. to be the greatest diameter

of the posterior proglottids. They are overlapping, and as a

rule so contracted as to be much wider than long. In a few cases

the proglottids were, however, more expanded, but were never

actually longer than broad. The worms reach a length of pei'haps

nine or ten inches.

The coitical layer is deep, the diameter being greater than
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that of the medullary layer. This is particularly marked in the
anterior segments, where the reproductive organs are only just
beginning to appear. The longiiudincd muscle-layer presents
definite characters in the arrangement of its fibres, as is general
among Cestodes. It is not usual to find accurate figures of the
course of these fibres, which are constantly of systematic im-
portance. I therefore ittempt to reproduce here such accurate
.drawings.

At the base of the rostellum the longitudinal muscles lie in a
continuous circular layer, in which form they are implanted upon
the rostellum. A little further back, at the level of the suckers,
the layer of muscles is markedly divided up into separate bundles
which are of different sizes. There are 12 or 13 of these
separate bundles which are more or less completely sepai-ated.

In the Heck, which immediately follows upon the scolex, the
bundles cease to exist as separate structures except at the two
sides opposite to the water-vascular tubes. The unsegmented or
neck region in this worm is very short and, as in the other
examples ascribed to the species Tcmia struthionis vel T. struthio-

cameli, it may fairly be remarked that a neck can hardly be said
to be present. Further back—but still in the anterior region
of the body, where the gonads and their ducts are still only
recognizable as a mass of condensed nuclei—the longitudinal
muscular layer has more or less acquired its definitive arrange-
ment. It is here (text- fig. 2) divisible into two quite distinct
sheets. That nearest to the medulla consists of a row of
bundles each consisting of a good number of individual fibres

which are packed close together and separated by vertical fibi'es

forming a dividing palisade. Above this is a very distinct space
dividing the lower layer from the upper. This space is formed
of ground-tissue, and thei'e is no trace therein that I could
discover of transverse muscle-fibres. On the outer side of this

space is a layer of smaller bundles, i. e. each bundle consisting
of comparatively few fibres, and above this again, without any
marked interval, a certain'number of single muscle-fibres, which
complex reaches some way towards the subcuticular layer. In-
side the whole longitudinal layer of muscles is a thin layer of
transverse fibres separating these in the usual way from the
medulla. Further back in the body the same arrangement
exists, but it is not so clear cut as anteriorly. That is to say,

the two layers of the longitudinal sheet are quite recognizable,
but they are. not so markedly divided from each other. This is

shown in text-fig. ,3.

Besides the sheets of muscle mentioned so far, the worm has,
like most other Cestodes, a dorso-ventral system. I have already
spoken of dorso-ventral fibres running between the bundles of
the longitudinal coat. In addition to these the medulla is

traversed by single fibres Avhich cross it at right angles to its

long diameter, and are numerous, dividing the medulla into quite
narrow segments when seen in transverse sections.
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The water-vascular tubes of this worm present no remarkable

characters. The much larger ventral vessel is alone present, in

the posterior segments. Anteriorly both tubes are visible and

superposed. The transverse trunks unite the ventrals in each

segment. The usual valvular flaps in the ventral vessel are

obvious and attached, as is usual (but not universal), to the inner

wall of that tube.

Text-fiffure 3.

T, L,
\ r f

^^

"1* »

« «

* «
»

Part uF a transverse sectiou througli a proglottid in the posterior region of

the body.

Letterint;- as in text-fig. 2.

The male and female efferent ducts open into a cloaca genitalis

which is not specially deep. The genital pores are completely

unilateral in this species, aud somewhat anterior in position, at

any rate in front of the middle line of the lateral border. I have

found so many orifices in succession opening on to one side

of the body, that I cannot believe that the conditions are for

instance as in Cha'pmania taaricollis, where the orifices really
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are alternate, though many open successively on to one side.
All the pores that I found were on the same side of the body.
The cirrus-sac is comparatively short *, as in many species of

Davainea, but not in all. It only just reaches the nerve-cord.
It opens into the cloaca genitalis in front of and to one side of
the vagina. The exact shape of the cirrus-sac has been carefully
described in many Oestodes by many writers, and thus specific
distinctions have been partly based upon its characters. The
cirrus-sac of the present species shows that care must be taken
in such descriptions. For I find considerable differences between
the cirrus-sac in different segments, a state of affairs to be
accounted for no doubt by varying contraction of its muscular
walls.

Text-figure 4.

n

.

f

h \

\ v,d.

Longitudinal sectioji through cirrus-sac (f.).

n. Nerve-cord. o. Orifice of genital cloaca, v. Vagina, v.d. Vas deferens.

More usually perhaps the cirrus-sac has the appearance repre-

sented in text-figure 4, which is drawn from a horizontal

section through a more anterior segment. The cirrus-sac opens
directly into the cloaca genitalis, and is of the same character

and of pretty well the same diameter throughout. The walls are

muscular but not thick ; nor are they thicker in one region than
in another. The vas deferens jDerforates the muscular coat at the

extremity of the sac fairly exactly in the middle line, and is

* In extended proglottids the cirrus-sac lies obliquely, being directed forwards.
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coiled within the sac. The cirrus, with which it is continuovis,

appears to run a straight course and not to be coiled, since it is

shorter than the cirrus-sac. In some posterior segments the
cirrus-sac presented a different appearance. The peripheral and
greater part of the cirrus-sac is thicker-walled than a terminal
rather spherical and wider region into which opens the vas
deferens.

The cirrus-sac is ensheathed externally by a layer of rather

large nucleated hyaline cells, a not unu,sual character.

Did these two forms of the cirrus-sac occur in .different

individuals, one would be tempted to see in them a specific

diff"erence.

The vas deferens presents an extensive coil after it issues

from the cirrus- sac. This occupies quite one-third of the dia-

meter of the segment when the latter is stretched laterally.

The coils are at least mainly dorso-ventral in direction, since in

horizontal sections the sperm-duct appears as a series of circular

transversely cut areas.

The vagina has a straight or at most slightly sinuous course

back to rather beyond the water-vascular tube—this section

being thick- walled with a narrow lumen as in so many other

Cestodes. A little way to the inside of the water-vascular tube
the vagina narrows into an excessively fine bore, though with
equally thick muscular walls at first. This slender region is

coiled on the horizontal plane. It opens into the receptaculum
seminis, which is rather pear-s-haped. This and the succeeding

portion of the vagina is nat thick-walled but has a wider lumen,
less of course in the case of the vagina. Although the proglottids,

in which the vagina and its subdivisions had the characters that

have just been mentioned, were not fully mature, at any rate as

far as concerns the testes and sperm-duct, the receptaculum
contained spermatozoa. It is necessary to point out that there

is nothing to be specially remarked upon in the structure of the

female efferent duct, which is constructed upon the plan usual

in tapeworms. It is important, however, to be accurate, since

there are minor differences to be noted which affect even the

different species of Davainea.
Without attempting any general resume for comparative

purposes, I may direct attention to one or two species which
differ from tha.t now under conaidei-ation in these matters. In

D. sj)]iecotheridis of Johnston * thei-e is apparently no distinct

receptaculum seminis at all. In D. corvina Fuhrmann T the

position of the receptaculum is different, beginning as it does

to the outside of the water-vascular tube. In D. polycalceola %
the small receptaculum is close to the ovary. It is of further

importance to note the age of the proglottid when giving the

* T. Harvey Johnston, '"Second Report on the Cestoda and Acanthocepluilii

collected in Greenland." Ann. Trop. Med. Parasit. iii. 1914, p. 107.

t Abh. Senck. Nat. Ges. xxxiv. 1911, p. 252, tig. 3.

X V. .Janicki, " Ueber zwei neue Arten .... Davainea,'' Arch, de Parasit. vi.

1902, p. 265, iig. 5.
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characters of the vaginal complex. The above description of
that of " Davainea struthionis " I'elates to not fully mature pro-
glottids. In fully mature proglottids the conditions observable
are a little changed.
The female duct (see text-fig. 5) from the i-eceptaculum seminis

Text-figure 5.

v.d.

r,6.

Part of tr<in.sverse section through uearlj' ripe proglottid.

r.s. Receptaculum seminis. v., vi. Proximal and distal ends of vagina.

v.d. Vas deferens.

to its median end is gorged with sperm, and thus presents the
appearance of an elongated receptaculum such as that referred

to above in Davainea corvlna. And, moreover, there is this

further resemblance, that the vagina is pressed by its increasing
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contents up to the margin of the water-vascular tube, occasionally

crumpling up the latter before it. Nevertheless, the more dilated

region is still distinguishable as the true receptaculum seminis.

It is evident, therefore, that the difierences apjDai^ently shown
between species in the vagina must be handled with care. I

may add tliat in fully mature proglottids the vagina appears
to be continued onwards bej'ond its junction vvith the other

tubes of the female system. This may be merely a burst,

though in some cases it has a tubular character. It is here,

I assume, that fertilization occurs.

Text-figure 6.

Ripe ova enclosed in capsules.

o. Capsule containing ovum. sp. Part of vagina gorged with sperm, t. Remains
of a testes closely adpressed to an egg-capsule, tlie nuclei in the walls of which

are represented.

The uterus in the genus Davcdnea is never a conspicuous

structure and never, when it exists, does it persist long. It is,

however, too much to say—as does Ransom *—that '' a definite

functional uterus is not developed." For in D. aruensis Fuhr-
mann t has described a uterus Avith a lining of cells and con-

taining ripe ova, which utei'us, however, rapidly disappears. The
same appears to be the case with D. microsGoleclna and D. corvina,

* " The Tajnoid Cestodes of North American Birds.

No. 69, 1909, p. 14.

f Nova Guinea, vol. ix. Zoologic, Livr. 3, p. 169.

Bull. U.S. Nat. Mus.
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whei-e the same author * remarks upon the rarity of observations
upon the uterus of this genus. I find in tlie species with which
I am here concerned very definite beginnings of a uterus, in
which, however, I have not seen a large and continuous cavity.

This consists in horizontal sections through proglottids, which
are not fully mature but in which nevertheless the receptacula
seminis are full of sperm, of a wide stretch of condensed medul-
lary tissue. This structure appears to me to be exactly like

the commencing uterus of some other Oestodesf. It lies in
front of the ovary and shell-gland, but behind the receptaculum
seminis and vas deferens, occupying thus about the width of

the segment. It extends to a considerable distance right and
left. The string of tissue representing the uterus is mainly to

be differentiated from the surrounding medulla by its crowded
nuclei. It is not solid but contains numerous cavities of various
sizes. Some of these were filled with cells which may well be
egg-cells. These cavities are at least frequently of the same size

and shape as the oval intei'stices of the medullary meshwork.
Later the proglottids (see text-fig. 6) are full of embryos each
in its own separate cavity.

The following assemblage of characters are perhaps sufiicient

to define this species, to which I shall be unable to give a name
with absolute certainty that it requires a new one. It will be
better therefore to leave this matter unsettled for the pi-esent.

Definition of Davainea sp. parasitic in Struthio masaicus.

Length 10-14 inches ; greatest diameter of jyroglottids 5 mm.
Scolex 1*2 mm. diameter, toith double row of 130 hooks in all:

suckers unarmed. Scolex and anterior part of the body abound
vnth calcareous corpitscles, ivhich also occur posteriorly. No neck
present. Segments of body not longer than broad ; ripe segments
not moniliform. Genital pores unilateral. Cirrus-sac reaching

to nerve-cord. Dorsal loater-vessel absentfrom posterior region of
body. Ova imbedded singly in parenchytna extending into cortex.

The above will be sufficient pending a revision of the genus to

place the species approximately.

Gen'Eral Remarks.

It is pretty clear from the foregoing observations upon the
external characters and internal structure of this Cestode from
Struthio masaicus, that it is certainly not to be confounded with
the species named by v. Linsbow Davainea struthionis, and which

* " Vogelcestocleii der Aru-Iiiselu." Abli. Senck. Nat. Ges. xxxiv. 1911, p. 254,
& tig. 4, p. 252.

t Cf. e. g. Beddard in the instance of Chajjiiiaiiia tmiricollis, P. Z. vS. 1915
p. 434, text-fig. 3.



AVIAN CESTODES. 601

is a parasite of anotliei" subspecies of tStruthio, viz. ;S'. moh/bdo-

phanes. While the general dimensions and the relative size of

the scolex seem to be much the same in v. Linstow's species and

in my own, there are sevei^al salient features in which they

disagree markedly. The scolex of v. Linstow's worm has no
rostellum, in the species ex;imined by myself the rostellum is

strong : v. Linstow's species has no calcareous bodies in the

scolex, while my species is peculiarly well provided with these

bodies : whatever may be the interpretation of the "ovaries" of

v. Linstow in the posterior segments of his species, whether they

are really a divided uterus or paruterine bodies, that Cestode

clearly differs from mine where the embryos are scattered each

one in a cavity of its own : finally, if v. Linstow's representation

of the cirrus-sac and the vagina- opening quite sepai'ately prove

correct, there is here a great difference from my species, where

the relations between these ducts is quite normal. These facts

are, as I think, sufficient to show that there can be no identity

between the two Cestodes of Struthio masaicus and Struthio

molyhdojjhanes *.

On the other hand, an exact comparison of my species with

that termed Tcenia stnithionis by Parona is more difficult. If we
can trust as differential characters the diameter of the proglottids

and the size of the scolex, then the two forms are different.

There are no other data that seeni to permit of a more definite

expression of opinion.

* I have snp;gcste<l (P. Z. S. 1015, p. 430) tliflt v. Linstow's spocics may bo

actiinn.y rcferablo to the goiins Chapmania,
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44. Some Notes upon the Anatomy of Rana tigrina. By
Geo. E. Nicholls, D.Sc, late Professor of Biology,

Agra College, India *.

[Received October 9, 1915 : Read November 9, 1915.]

(Text-figm^es 1-3.)

In several skeletal and otlier characters, Rana tigrina—the

so-called Bull-frog of India—differs markedly from our common
European grass or water frogs [R. temporavia, R. esculenta).

Tiiese two frogs, which resemble one another fairly closely,

appear to be the only species of which a detailed description has
been given, and figures of one or the other alone appear in text-

books all the world over. For the Indian form these figures are

in some respects quite misleading, and since this frog is now
generally used thi-oughout India as a laboratory type, it has
seemed desirable that attention should be called to those features

in which R. tigrina differs from its European congeners.

1. The Vertebral Column.

In correspondence, doubtless, with the much larger size of this

frog, the vertebrae are distinctly more stoutly built than is the
case in R. temporaria. The neural arches are, relatively, greatly

developed antero-posteriorly. Thns, when viewed from above,
the vertebral column of this species does not show a series of gaps
between the arches such as is so clearly seen in R. temporaria

{cf. Howes, '03,_fig. 35). On the contra.ry, there is, in R. tigrina,

a very marked overlap of each arch dorsally npon that immediately
posterior to it, and accordingly, when the vertebrae are in position

(text-fig. 1), the centra are not visible from above.

Such a condition as this is said to be imbricate, and to

characterize the Discoglossidte and Pelobatidaj (Boulenger, '97,

p. 38). Concerning the European species of Ranidse, Boulenger
points out that precisely the opposite condition prevails. His
statement may be quoted :

—" The neural ai-ch is either closed

above ... or notched between the zygupophyses so as to expose
the spinal cord between every two vertebrae ; the latter type is

most marked in Rana, in which, the lateral openings for the exit

of the spinal nerves being also of large size, the vertebral column
forms an open-work above and on the sides."

While this " open-work " vertelfi-al column is seen typically in

the European Ranidse, it is also found in most of the other
Anura, so that Boulenger notes this as one of the characters

which separate the Bufonidse and Hylidye from the more
generalized Arcifera. In this imbricate condition of the

* Communicated b.v Prof. Arthue Desdy, D.Sc, F.R.S., F.Z.S.
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vertebral coluinn it would appear, then, that BoMa tigrina has
retained (or reverted to) a somewhat primitive condition.

Text-fiaure 1.

Tlie vertebral column <:i'i liana tigriiia, as seen from above. X 3.

tt.f.L, aperture forJilum terminale ; c, coccyx ; ep., epiphysis
; /., flange upon

the transverse process of the second vertebra, Il.t.p.

It does not s'eem, however, that the occurrence of gaps
between the neural arches in i?. temporaria is to be attributed
simply to a notching of the arches between the zj^gapophyses.
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A comparison of the neural arch of a typical (e. g. sixth)

vertebra of the grass-frog with that of the corresponding
vertebra of R. tigrina or of Pelohates fascios, will, I think, bear
out this statement (text-fig. 2, A-C).

In all three cases it will be seen that there is an incisure upon
the anterior face of the neural arch between the zygapophyses.
In the Bull-frog and in Pelohates this incisure is a deep one,

whereas in R. temjMraria it is broad but comparatively shallow.

Upon its posterior border the arch is practically not incised at all

in R. teriiporaria, aud is most deeply notched in Pelohates, the
condition of R. tigrina being intermediate in this respect.

Text-figure 2.-

V^

The sixth vertebra of (A) Rana tigrina (X |), (B) H. temporaria, and (C) Pelo-

hatesfasctis (both X 3), to show the relative decree of incisure of tlie neural

arches and the development of the neural spiu?s iu the three species. («) Dorsal,

(6) ventral, and (c) posterior view.

In Pelohates and in R. tigrina, however, the centrum has
practically the same length as the neural arch, whereas in R. tem-

poraria the centrum is, approximately, half as long again as the

neural ai'ch. When the vertebra3 are articulated in the normal
manner, therefore, the neural arches do not come into contact in

this species, excepting at the zygapophyses, notwithstanding that

some of the surplus length of the centrum has been absorbed in

the concavity of the following centrum. In the case of R. tigrina

(and Pelohates) the neural arch is sufficiently long to allow of

considerable overlap upon the succeeding neural ai^ch.

Neural spines, too, are well developed (text-figs. 1, 2). This

Proc. Zool. Soc— 1915, Xo. XLIT. 42
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is especially marked in the anterior vertebrpe of the column,
where the hinder end of a neural spine may extend backwards
upon the ensuing vertebra almost to the level of the notch
between its post-zygapophyses {of. text-iig. 1). Posteriorly the
spines become shorter, though still well developed. Thus, upon
the seventh vertebra the neural spine extends but little beyond
the posterior margin of the neural arch ; in the eighth it is

nearly vertical, and in the ninth the spine is slightly forwardly
directed, so that its apex approaches very closely to that of the
jjreceding vertebra. In this development of neural spines

B. tigrina is remaikable, for of European Anura Boulenger has

I'emarked : "Neural spines are absent or represented by a low
keel, which is much prolonged posteriorly in Discoglossus and
Pelohates " (op. cit, p. 38).

The intervertebral foramina in the Indian Bull-frog are,

i-elatively, considerably smaller than are the corresponding
nerve-exits in R. te77iporaria, and the column has, therefore, not

at all the open-work structure which is so characteristic of our
European frogs.

Moreover, the cartilaginous epiphyses found, upon the distal

ends of the transverse processes are particularly noticeable in

R. tigrina. Upon the third vertebra (cf. text-fig. 1) these ai-e

very large indeed, and backwardly directed, recalling strongly

the condition figured by Boulenger for Pelohates fuscus (op. cit.

fig. 75).

The transverse processes also are, relatively, much longer than

are the corresjDonding structures in R, temj^oraria, but in this

respect the condition of R. escidenta is closer to that of the

Indian species.

Apart from these generalities, there are notable differences to

be observed in the second, eighth, and ninth vertebrae of the two
species.

In the second vertebra of R. tigrina there is developed a very

pronounced flange-like projection upon the anterior border of the

transverse process (text-fig. 1,/.). This varies somewhat in size,

but becomes very marked indeed in some specimens. It serves,

apparently, for the attachment of the Mon. intertransversarii

capitis, which have their insertion upon the base of the skull,

slightly lateral to the condyles. The complete absence of this

flange from the European Ranidse is doubtless to be attributed to

the much slighter development of these muscles in these more
slightly built frogs.

In the eighth vertebra, the transverse processes are as long as,

and rather stouter than, the diapophyses of the three preceding-

vertebrae. They are peculiar, in the normal vertebral column of

R. tigrina, in that alone of all the transverse processes they are

sloped slightly forwardly {conf. Howes, '02, fig. 35, with my text-

fig. 1). The well-developed neui^al spine rises almost vertically.

In the ninth vertebra, the transverse processes should be

described as slightly conical (with the base of the cone distal)

rather than as cylindrical, which latter shape is said to be
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characteristic of these structures in the Ranidae. In some
specimens I have observed a flattening even of the distal

extremity of the diapophysis, which, too, is sometimes to be

noticed in the immature Rana temporaria. The neural spine is

somewhat variably developed, but is always represented by at

least a slight elevation in the mid-dorsal line. From this a pair

of distinct ridges diverge. These pass outwards and backwards
onto the dorso-posterior face of the transverse processes, but fade

out before I'eaching the distal end.

The coccyx, too, in R. tigrina differs from that of R. tempo-

raria or of R. esculenta in that the paired foramina which, in

these European species, permit of the exit of the tenth pair of

spinal nerves are very frequently absent from the Indian species.

When, however, they do occur, they are generally very minute
indeed, and not uncommonly, upon one side or both, this

external opening leads only into a blindly ending canal. As an
infrequent variation, specimens are seen in which there may be

two apertures upon one side. In such cases only the upper
canal appears to have open communication with the vertebral

canal. Such a condition is figured in my account of the Anuran
coccyx ('15, fig. 1 b, X., xi.).

It is probable that we have here the last vestige of an aperture

for the lost eleventh spinal nerve, such as is still found occasionally

in the more primitive Anura.
From the foramen of the tenth nerve, when present, there

runs backwards and upwards a slight groove which is often

several millimetres in length.

Of a total of 32 coccyges examined, only four (12^ per cent.)

showed a jjair of canals for spinal x., and, of these, the openings
in three were very small. In five other specimens a pair of

extremely minute external apertures were found, but on neither

side of three of these was there a clear passage for the finest

hair. The remaining tioo permitted the passage of a very fine

hair on one side only.

In seven other specimens a single aperture only was found, but
in only two cases was I able to pass a hair into the vertebral

ca.nal. In the remaining five specimens the canal apparently

ended blindly internally.

Thirteen coccyges (40 per cent.), including four specimens in

which the vertebral column was abnormal in other ways, showed
a complete absence of the foramina on both sides.

Three specimens exhibited two minute apertures on one side

and a single aperture only upon the ©thex'. Of these, in one
sjjecimen all the canals ended blindly, and of the remaining two
each had a single canal on that side upon which there were two
apertures.

In the twelve asymmetrical cases the canal (or aperture)

occurred in eight cases upon the right side and in four upon
the left.

It is a little difficult to decide what is to be regarded as the

normal condition of the coccyx in i?. tigrina. It is probably
42*
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correct to say that in the great majority of the individuals of

this species, the paired foramina for the tenth spinal nerves are

absent or imperfect.

The Shoulder-Girdle and Sternum.

The shoulder-girdle of R. tigrina (text-fig. 3) is very stoutly

built and, in general, resembles the condition of the corresponding

structure in R. esculenta.

Text-fia^ure 3.

The Slioulder-3:irdle and Sternum of Bana tigrina (nat. size).

(A) Ventral view, and (B) dorsal view. In the latter the supra-scapula is removed

upon the right side.

cl., clavicle ; m., metasternum ; o., omosternum ; r.co., Leo., right and left

coracoids ; sc, scapula.

In one particular, however, viz., in the arrangement of the

coracoids, it presents a condition which has not, I believe, been

recorded in any of the Firmisternia.
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The coracoids, while having the normal shape and ti-ansvei'se

position, do 7iot meet in a median epicoracoidcd cartilage hut

overlap each other in the middle line. At first sight it appears

that there is merely an uneven suture, such as is seen between

tlie epicoracoid cartilages of an immature Rana temporaria, but

a closer examination reveals the existence of a definite overlap

{rf. text-fig. 3).

It difi:ers from the overlap of the arciferous condition in that

the epicoracoidal cartilage is completely calcified in the adult

and that the coraeoid comes, at its antero-mesial border, into

contact with the clavicle upon the ventral surface. There is, I

believe, synostosis between the two coracoids, for there appears

to be no freedom of movement.
The direction of the overlap, in the specimen figured, resembles

that prevailing in the Arcifeiu, the right coraeoid lying ventral to

the left, but the opposite condition is met with not infrequently *.

Dorsally the pre-coracoid cartilage is seen. It appears to be

calcified, and separates, somewhat widely, the clavicle from the

coraeoid.

The bony style of the omosternum is also peculiar (amongst

Ranidaj) in being bifid posteriorly. The diverging processes

meet corresponding elevations upon the clavicles, and the small

space between the three bones is filled, in life, by a delicate

membrane.
The Tenth Spinal Nerve.

Correlated with the minute size, or the absence, of the foramina

in the coccyx, the tenth pair of sj^inal nerves are, in Rana tigrina,

either extremely delicate or, more often, altogether absent.

When present, they seem invariably to pass dorsally from their

exits, lying in that small groove in the coccyx, to which reference

has been made. In this disposition, therefore, this nerve differs

considerably from the corresponding structure in R. temporaria,

in which it passes ventrally after leaving its foramen. In the

Bull-frog the nerve, even if present, is hidden from view in a

dissection made, in the usual manner, from the ventral surface.

It never, in this species, I believe, makes any contribution to

the sciatic plexus, nor have I been able to demonstrate any

sympathetic ganglion related to it.
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(Text-figures 1-3.)

Index.
Geographical: Pago

East Africa, List of Snakes 611

Systematic :

Keys to tlie identification of the Snakes of East Africa 611

This list is the third of a series published in these ' Pro-

ceedings ' t, and the reader is referred to the fii'st for an
explanation of the method and sco^^e of this aid to the identi-

fication of African Snakes. It is convenient to reproduce here

text-figures 1 & 2 from the first paper, as a glossary to the terms
used in the keys to the genera and species.

Synopsis of the Families.

I. Worm-like, witli small inferior mouth, eyes hidden or visible under the head-

shields, and body covered with uniform imbricate scales above and beneath.

18 scales or more round middle of body ; ocular not bordering the

mouth ; tail not or but little longer than broad Ttphlopidjj.
14 scales round middle of body Glauconiidj2.

II. Mouth large, eyes exposed; body with enlarged shields beneath (except in the

marine genus Mydrus).

Ventral shields much narrower than the body ; supraocular, if

distinct, broken up into two or more shields Boid^.
Ventral shields at least nearly as broad as the body ; supraocular

single; poison-fangs, if present, not in a very large sheath ... CoLUBEiDiE.
Ventral shields at least nearly as broad as the body ; large poison-

fangs in a verj^ large sheath below the eye Vipeeid^.

Family Typhlopid^.
A single genus.

1. Typhlops.

Schneid. Hist. Amph. ii. p. 339 ; Bouleng. Cat. Sn. i. p. 7.

* Published by permission of the Trustees of the Briti.sh Museum.
t 1. "A List of the Snakes of the Belgian and Portuguese Congo, Northern

Rhodesia, and Angola," P. Z. S. 1915, p. 193. 2. "A List of the Snakes of

Madagascar, Comoro, Mascarenes, and Seychelles," t. c. p. 369.
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Text-figure 1

.

(From P. Z. S. 1915, p. 194.)
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Text-figure 2.

(Prom P. Z. S. 1915, p. 195.)
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Synopsis of the Bijecies.

I. No prseoculav ; no subocular ; ocular in contact with two
upper labials; snout with sharp horizontal edge; ej^es

hidden ; 22 scales round middle of body, the diameter of
which is 80 times in total length T. gracilis.

II. A prseocular; no subocular; ocular in contact with two or three upper labials.

A. Nostrils lateral ; snout rounded ; ej'es distinct.

20 scales round middle of body, the diameter of which is 35 to
50 times in total length T. Iraminus.

24 scales round middle of body, the diameter of which is 50 to
60 times in total length T. platyrhynchus.

B. Nostrils inferior ; snout rounded or with obtusely angular horizontal edge.

1. Eyes hidden.

22 or 24 scales round middle of body, the diameter of which
is 40 to 50 times in total length T. ohtusus.

20 scales round middle of body, the diameter of which is

25 times in total length T. tornieri.
34 scales round middle of body, the diameter of which is

23 times in total length T. mandensis.

2. Ej'es distinct.

a. A small shield separating the praeocular from the
upper labials ; 28 scales round middle of body,
the diameter of which is 50 times in total

length T.gierrce.

h. Prseocular in contact with upper labials.

Nasal completely divided : 24 scales round middle of body, the
dia,meter of which is 30 times in total length T. niossambicus.

Nasal incompletely divided, the cleft not quite reaching the
rostral; 24 scales round middle of body, the diameter of
which is 37 or 38 times in total length T. tettensis.

Nasal incompletely divided, the cleft not reaching the rostral

;

26 to 30 scales round middle of body, the diameter of
which is 24 to 30 times in total length T. punctatus.

C. Nostrils inferior; snout with sharply angular horizontal edge; eyes distinct.

Lower surface of rostral broader than long; 38 to 44 scales

round middle of body, the diameter of which is 25 to 32
times in total length T. schlegelii.

Lower surface of rostral broader than long ; 34 to 40 scales

round middle of body, the diameter of which is 42 to 46
times in total length T. dinga.

Lower surface of rostral as long as broad ; 30 to 38 scales round
middle of body, the diameter of which is 25 to 37 times in

total length T. muo-nso.

III. A praBocular ; ocular small, separated from the upper labials by a larger
subocular ; diameter of body 50 to 63 times in total length.

Snout rounded ; eyes hidden ; 22 scales round middle of body. T. pallidiis.

Snout with sharp horizontal edge; eyes hidden; 18 scales

round middle of body T. himbriciformis.
Snout with sharp horizontal edge ; eyes distinct ; 24 scales

round middle of body T. unitceniatus.

1. Typhlops gracilis Sternf. Mitth. Zool. Mus. Berl. v. ISIO,

p. 70.

Urungu, German East Africa.

2. Typhlops braminus Daud.

Bouleng. Cat. Sn. i. p. 16.

Southern Asia ; islands of the Indian Ocean (including Mozam-
bique island) ; South Africa ; Lagos ; Mexico.—Distribution
probably ascribable to transport by human agency.
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3. Typhlops platyrhynchus Sternf, Mittli. Zool. Mus. Berl. v.

1910, p. 69.

Tanga, German East Africa.

4. Typhlops obtusus Peters, Men. Berl. Ac. 1865, p. 260, pi.—

,

fig. 2 ; Bouleng. t. c. p. 38.

Nyassaland.

5. Typhlops tornieri Sternf. Mittli. Zool. Mus. Berl. v. 1910,

p. 69.

Kilimanjaro.

6. Typhlops mandensis Stejneg. Proc. U.S. Nat. Mus. xvi.

1894, p. 725 ; Bouleng. Cat. Sn. iii. p. 587.

Island of Manda, north of Lamu.

7. Typhlops gierr^ Mocquard, Bull. Mus. Paris, 1897,

p. 122.

Tanga, German East Africa.

8. Typhlops mossambicus.

Oitychocephalus mossambicits Peters, Mon. Berl. Ac. 1854,

p. 621.

Typhlops mossambicus Peters, Reise Mossamb. iii. p. 93, pi, xv.

fig. 2 ; Bouleng. Cat. Sn. i. p. 41.

Portuguese East Africa and Zululand.

9. Typhlops tettensis.

Onychocephalus tettensis Peters, Mon. Berl. Ac. 1860, p. 80.

Typhlops tettensis Peters, Reise Mossamb. iii. p. 92, pi. xv.

fig. 1 ; Bouleng. Cat. Sn. i. p. 41.

Portuguese East Africa.

10. Typhlops punctatus Leach.

Bouleng. Cat. Sn. i. p. 42.

Typhlops hocagii Bethencourt Ferreira, Jorn. Sc. Lisb. (2) vii.

1904, p. 114.

Typhlops adolphi Sternf. Mitth. Zool. Mus. Berl. v. 1910, p. 70.

Tropical Africa.

11. Typhlops schlegelii Bianconi, Spec. Zool. Mossamb. p. 13,

pi. iii. fig. 2 ; Bouleng. Cat. Sn. i. p. 44.

East and Central Afiica to Portuguese East Africa and
Southern Rhodesia.

12. Typhlops dinga.

Onychocephalus dinga Peters, Mon. Berl. Ac. 1854, p. 620.

Typhlops d'mga Peters, Reise Mossamb. iii. p. 98, pi. xiv. fig. 1

& pi. xiv. A, fig. 3 ; Bouleng. Cat. Sn. i. p. 45.

Portuguese East Africa.
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13. Typhlops mucruso.

Onychocephalus imicruso Peters, Mon. Berl. Ac. 1854, p. 621.
Typhlops miccruso Peters, Reise Mossamb. iii. p. 95, pi. xiii.

fig. 3 ; Bouleiig. Cat. Sn. i. p. 46.

Typhlops humbo Bocage, Jorn. Sc. Lisb. xi. 1886, p. 171;
Bouleng. 1. c.

Typldops hottentottis Bocage, op. cit. (2) iii. 1893, p. 117.

TypJilops latirostris Sternf. Mittli. Zool. Mus. Bevl. v. 1910,

p. 7U.

Tropical Africa south of the Equator.

14. Typhlops pallidus.

Letheohia pallida Cope, Proc. Ac. Philacl. 1868, p. 322.
Typhlops pallidas Bouleng. Cat. Sn. i. p. 54.

Zanzibar and Pemba Id.

15. Typhlops lumbriciformis.

Onychocephalus (^Letheohia) lumbriciformis Peters, Mon. Berl.

Ac. 1874, p. 377.

Typhlops lumbriciformis Bouleng, Cat. Sn. i. p. 54.

Typhlops kleebergi Wernei^, Zool. Anz. xxvii. 19U4, p. 664.

East and Central Africa.

16. Typhlops unit^niatus Peters, Mon. Berl. Ac. 1878,

p. 205, pi. ii. fig. 5 ; Bouleng. Cat. Sn. i. p. 55, and Ann. Mus.
Genova (3) v. 1892, p. 331 (var. atamiaius).

Somaliland and British East Afiica,

Family Glauconiid^e.

A single genus.

1. Glauconia.

Gray, Cat. Liz, p. 139 ; Bouleng. Cat. Sn, i. p. 59.

Synopsis of the Species.

I. Ocular bordering tlie mouth ; tail at least three times as long as broad.

A. Rostral more than half width of head, extending backwards beyond level

of ejes.

Diameter of body 50 to 65 times in total length G. distanti.

Diameter of body 80 to 87 times in total length G. merkeri.

B. Rostral one third to one half width of head, not extending backwards
beyond level of eyes.

1. Rostral not in contact with supraocular.

Diameter of body 50 to 55 times in total length G. emini.
Diameter of body 30 times in total length G. houlengeri.

Diameter of body 70 times in total length G. longic'auda.

2. Eostral in contact with supraocular; diameter of body
47 to 60 times in total length G. conjimcta.

II. Ocular not bordering the mouth ; tail hardly twice as long
as broad ; diameter of body 40 times in total length G. braueri.
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1. Glauconia distanti Bouleng. in Distant, Natur. Transvaal,

p. 175, fig., and Cat, Sn. i. p. 62.

Nyassaland, S. Rhodesia, Transvaal.

2. Glauconia merkeri Werner, Jahresli. Yer. Nat. Wiirttemb.
Ixv. 1909, p. 61.

Mosclii, German E. Africa.

3. Glauconia emini Bouleng. Ann. & Mag. N. H. (6) vi. 1890,

p. 91, and Oat. Sn. i. p. 64, pi. iii. fig. 8.

East and Central Africa.

4. Glauconia boulengeri Boettg. in VoeltzkofF, Reise Ostaf r.

iii. p. 354.

Witu, German E. Africa.

5. Glauconia longicauda.

Stenostoma longicauda Peters, Men. Berl. Ac. 1854, p. 621, and
Reise Mossamb. iii. p. 102, pi. xv. fig. 5.

Glauco)iia longicauda Bouleng. Cat. Sn. i. p. 66.

Portuguese E. Africa and IST. Rhodesia.

6. Glauconia conjuncta.

Stenostoma conjunctum Jan, Arch. Zool. Anat. Phys. i. 1861,

p. 189, and Icon. Gen. 1. 2, pis. v. & vi. fig. 9.

Glauconia conjuncta Bouleng. t. c. p. 67.

South and East Africa.

7. Glauconia braueri Sternf. Mitth. Zool. Mus. Berl. v. 1910,

p. 70.

Bagamoyo, German E. Africa.

Family B o i d .«.

Two genera ;

—

Uppei- surface of head with shields; rostral and anterior upper labials

deeply pitted ; subcaudals in two rows Pytlion,
Upper surface of head with small scales ; tail very short, subcaudal

single Bryx.

1. Python.

Daud. Hist. Rept. v. p. 266 ; Bouleng. Cat. Sn. i. p. 85.

1. Python seb.e.

Coluber sehce Gmel. S. IST. i. p. 1118.

Python sehce Bouleng. t. c. p. 86.

Tropical and South Africa.
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2. Eryx.

Daud. Hist. Kept. vii. p. 251 ; Bouleng Cat. Sn. i. p. 122.

1. Eryx thebaicus Eeuss, Mas. Senckenb. i. 1834, p. 134;
Bouleng. t. c. p. 125.

Upper Egypt to German East Africa.

Family Colubrid^.

Three parallel series :

—

No poison-fangs ; all the teeth solid A. As'lypha.

Poison-fangs behind B. Opistlioglypha.

Poison-fangs in front C. Proteroglypha.

A. Aglypha.

I. Loreal present (occasionally absent in Homalosoma, recognisable by the com-
bination of a single nasal shield, paired snbcaudals, and a low number of

ventral shields, 113-144).

A. Snout without angular horizontal edge ; internasal and prasfrontal paired.

1. Scales in 19 rows or more, not oblique ; bodj' not remarkably slender.

a. Pupil round.

a. A single anterior temporal.

Scales in 19 rows ; anal divided Tropidonotus.
Scales in 19-25 rows ; anal entire ; a deep groove on side of head,

above upper labials ; Gli/plioli/cus.

(i. Two or three superposed anterior temporals.

Scales keeled, in 23 rows; a deep pit between nasal and
prseocular Bothrophtliahnus.

Scales smooth or ver}' obtusely keeled, in 25 to 31 rows S»enda^pis.
Scales smooth, in 21 rows Coronella.

h. Pupil vertically elliptic ; scales smooth, in 23 to

33 rows Soodon.

2. Scales in 13 to 17 rows, or, if in 19, extremely narrow and oblique.

a. Pupil vertically elliptic; snout much flattened; scales in 15 or 17 rows.

Scales smooth Lycoph idium.

Scales keeled, vertebrals bicarinate SimocepJialus.

b. Pupil round ; body usually very slender (tree- snakes).

a. Scales in 13 or 15 rows, smooth.

Subcaudals not keeled Clilorophis.

Subcaudals keeled and with a notch corresponding to the keel,

same as on the ventrals I'hilothamnus.

[3. Scales in 15 rows, keeled.

Subcaudals keeled and notched Gastropyxis.
Subcaudals not keeled ; two superposed anterior temporals Hapsidophri/s.

y. Scales in 17 or 19 rows, very narrow, keeled ; eye very large.

Lateral scales shorter than dorsals Thrasops.
Lateral scales as long as dorsals JRJiamnop/iis.

c. Pupil round ; nostril in a single or seniidivided nasal; scales not oblique,

short and smooth, in 15 or 17 rows.

Nostril directed upwards, nasal divided or semidivided; two
superposed anterior temporals ; ventrals 145 or more Grayia.

Nostril lateral, nasal entire ; a single anterior temporal; ventrals

less than 145 Smnalosoma.
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B. Snout with angular horizontal edge, or internasal and prefrontal single.

Eye in contact with labials; internasal and prefrontal single;

scales in 15 or 17 rows ; ventrals less than 170 Prosymna.
Suboculars separate the eye from the labials ; scales in 19 to 25

rows; ventrals more than 170 ScapJiiopJiis.

II. No loreal, nasal in contact with prfeocular
;
pupil vertically

elliptic ; scales strongly keeled, some of the laterals very

oblique Dasifpeltis.

1. Tropidonotus.

Kuhl, Bull. Sc. Nat. ii. 1824, p. 81 ; Bouleng. Cat. Sn. i.

p. 192.

1. Tropidonotus olivaceus.

Goronella oUvacea Peters, Mon. Berl. Ac. 1854, p. 622.

Trojndonotus olivaceus Bouleng. t. c. p. 227.

Grayico giardi Dollo, Bull. Mus. Belg. iv. 1886, p. 158,%.;
Bouleng. op. cit. ii. p. 288.

Tropical Africa, from the Soudan to Angola, and Southern

Rhodesia.
2. Glypholycus.

Giinth. P. Z. S. 1893, p. 629 ; Bouleng. Cat. Sn. iii. p. 615.

Two species :

—

Scales in 23 or 25 rows ; nasal semidivided ,
G.hicolor

Scales in 19 rows; nasal divided G. whytii.

1. Glypholycus bicolor Gdnth. I.e., fig.; Bouleng. 1. c.

Lake Tanganyika.

2. Glypholycus whytii Bouleng. P. Z. S. 1897, p. 802,

pi. xlvi. fig. 2.

Nyassaland,

3. BothropHthalmus.

Peters, Mon. Berl. Ac. 1863, p. 287; Bouleng. Cat. Sn. i,

p. 324.

1. Bothrophthalmus lineatus.

ElapMs {Botliro'pliihal'mus) Imeatns Peters, 1. c.

Bothrophthahnus line.atus Bouleng. 1. c.

From the Gold Coast and Uganda to the Congo.

4. BOODON.

Dum. & Bibr. Mem. Ac, Sc. xxiii. 1853, p. 460 ; Bouleng. Cat.

Sn. i. p. 327.

Synopsis of the Species^

T. Subcaudals in two rows.

Praiocular not extending to upper surface of head ; scales in 23 or

25 rows; ventrals 175-195; no light lines on side of head B. infernal is.
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Pra30cular extending to upper surface of head ; scales in 23 (rarelj'

25) rows ; veiitrals 186-220 ; belly blackish brown with the

jiiiddle line yellowish S. virgatns.

Prseocular extendins; to upper surface of head; scales in 25 to 33

rows; ventrals 188-249 B. lineatns.

II. Subcaudals single ; scales in 25 to 29 rows : ventrals 183-221... B. olivaceus.

1. BooDON iNFERNALis GUnth. Oat. Col. Sii. p. 199 ; Bouleng.

Cat. Sn. i. p. 330, pi. xxi. fig. 1.

German East Africa and South Africa.

2. BOODON VIRGAXUS.

Ccelopeliis virgata Hallow. Proc. Ac. Philad. 1854, p. 98.

Boodon virgaUts Bouleng. t. c. p. 331.

German East Africa {Jide Sternfeld) ; West Africa, from the

Gold Coast to Calabar.

3. Boodon lixnteatus Dum. & Bibr. Erp. Gen. vii. p. 363
;

Bouleng. t. c. p. 332.

Tropical and South Africa and South Arabia.

4. Boodon olivaceus.

Holuro'pholis olivaceus A. Dum. Rev. et Mag, Zool. 1856,

p. 466.

Boodon olivaceus Bouleng. t. c, p. 335.

West and Central Africa, from Nigeria and Uganda to the

Congo.
5. Lycophidium.

Dum. k Bibr. Mem. Ac. Sc. xxiii. 1853, p. 462 ;
Bouleng. Cat.

Sn. i. p. 336.
Synopsis of the Species.

I. Scales in 15 rows ; ventrals 153-165 ; subcaudals 23-32 ... L.meJeagris.

II. Scales in 17 rows.

A. Parietal shields longer than the distance between frontal and end of snout.

Diameter of eye hardly equal to its distance from mouth ; ventrals

140-150; subcaudals 18-28 L. acutirostre.

Diameter of eye considerably greater than its distance from

mouth; ventrals 146-156 ; subcaudals 20-30 L. semiannulis.

Diameter of eye considerably greater than its distance from

mouth ; ventrals 163-208 ; subcaudals 21-47 L. capense.

Diameter of eye not greater than its distance from mouth

;

ventrals 164-189 ; subcaudals 29-33 L.Jacksonii.

B. Parietal shields not longer than distance between frontal

and end of snout; ventrals 188-219; subcaudals

34-55 I'- semicinctnm,

1. Lycophidium meleagris Bouleng. Cat. Sn. i. p. 337, pi. xxi.

fig. 2.

German East Africa {Jide Sternfeld) ; Angola.

2. Lycophidium acutirostre Giinth. Ann. & Mag. N. H. (4) i.

1868, p. 427, pi. xix. fig. D; Bouleng. t. c. p. 338.

Zanzibar.
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3. Lycophidiuji semiannulis Peters, Mon. Berl. Ac. 1854,

p. 622, and Reise Mossamb. iii. p. 135, pi. xvi. fig. 2 ;
Bouleng.

t. c. p. 339.

Portuguese East Africa.

4. Lycophidium capense.

Lycodon capensis A. Smith, S. Afr. Quart. Journ. (1) no. 5,

1831, p. 18.

Lycophidium capense Bouleng. t. c. p. 339.

Tropical and South Africa.

5. Lycophidium jacksonii Bouleng. Cat. Sn. i. p. 340, pi. xxi.

%. 3.

East Africa (Kilimanjaro, Lamu).

6. Lycophidium semicincxum Dum. & Bibr. Erp. Gen. vii.

p. 414 ; Bouleng. t. c. p. 341.

German East Africa (fide Sternfeld) ; Senegambia, French
Guinea, Northern Nigeria.

6. Simocephalus.

Giinth. Cat. Col. Sn. p. 194 ; Bouleng. Cat. Sn. i. p. 344.

Synopsis of the Species.

I. Ventrals 203-255 ; subcaudals 45-70.

Two postoculars ; a yellow vertobral line S. capensis.

Three postoculars ; a single loreal S. chanleri.

Three postoculars; two superposed loreals S. imicolor.

ir. Ventrals 239-262 ; subcaudals 75-124 S. poensis.

III. "Ventrals 171-17-8-; subcaudals 62-63 S. ni/assce.

1. Simocephalus capensis.

Heterole2ns capensis A. Smith, 111. Zool. S. Afr., Rept. pi. Iv.

Sitnocephalus capensis Bouleng. t. c. p. 345.

German and Portuguese East Africa, Nyassaland, Gaboon,
Natal.

2. Simocephalus chanleei Stejneg. Proc. U.S. Nat. Mus. xvi.

1894, p. 726; Bouleng. op. cit. iii. p. 617.

Island of Manda, N. of Lamu.

3. Simocephalus unicolor Bouleng. Ann. & Mag. N. H. (8) v.

1910, p. 512.

Kenya District, Brit. E. Africa.

4. Simocephalus poensis.

Heterolepis p)oensis A. Smith, 111. Zool. S. Afr., Rept.

Simocephalus poensis Bouleng. op. cit. i. p. 346.

Uganda ; Sierra Leone to Cqpgp,. .,,.,..

Proc. Zool, Soc— 1915, No. XLIII. 43
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5. SiMOCEPHALUS NYASS.E Giintli. Ami. & Mag. N, H. (6) i.

1888, p. 328; Bouleng. t. c. p. 347, pi. xxiii. fig. 2.

Gonionotophis degrijsii Werner, Zool. Anz. xxx. 1906, p. 53.

East Africa, Nyassaland, Natal.

Cope, Proc. Ac. Philad. 1864, p. 168 ; Bouleng. Cat. Sn. i.

p. 373.

1. PSEUDASPIS CANA.

Colxiher camis Linn. Mus. Ad. Frid. i. p. 31, pi, xi. fig. 1.

Pseudaspis' cana Bouleng. 1. c.

East and (South Afi'ica, Nyassaland, Angola.

8. Ohlorophis.

Hallow. Proc. Ac. Philad. 1857, p. 52; Bouleng. Cat. Sn.

ii. p. 91.

Synopsis of the Species.

I. No trace of ventral keels ; veiitrals 147-190.

A. Scales in 15 rows.

9 upper labials, 4lh, 5th, and 6th entering the e3'e ; subcaudals
103-123 C.emini.

1 upper labials, 3rd, 4th, and 5th entering the eye; subcaudals
114 C. schuhotzi.

8 upper labials, 4th and 5th entering the eye ; subcaudals 82-
105 C. lioplogaster.

B. Scales in 13 rows ; 9 upper labials, 5th and 6th entering

thee3'e; subcaudals 75 C. macrops.

II. Ventrals with a more or less distinct lateral keel.

7 or 8 upper labials, 4th and 5th (rarely 3rd and 4th) entering

the eye; ventrals 148-169; subcaudals 71-114 C.neglectus.

8 or 9 upper labials, 4th, 5th, and 6th (rarely 3rd, 4th, and 5th)

entering the eye; ventrals 175-190; subcaudals 115-135
;

body very slender anteriorly C. heterolepidotvs,

9 upper labials, 4th, 5th, and 6th entering the eye ; prteocular

in contact with or narrowly separated from the frontal

;

ventrals 150-182 ; subcaudals 90-133 C. irregularis.

1 . Chlorophis emjni.

Ahcetulla emini Giinth, Ann. & Mag. IST. H. (6) i. 1888, p. 325.
Chlorophis emini Bouleng. t. c. p. 92, pi. v. fig. 1.

Egyptian Soudan to Uganda and Ruwenzori.

2. Chlorophis schubotzi Sternf. in Schubotz, Wiss. Ergebn.
Deutsch. Z.-Afr. Exped. iv. Zool. ii. p. 269, fig. (1912).

Near Bukoba, German E. Africa.

3. Chlorophis hoplogaster.

Ahcetulla hoplogaster Giinth. Ann. & Mag. N. H. (3) xi, 1863,

p. 284.

Chlorophis hoplogaster Bouleng. t, c. p. 93,

Cexiti-al, East, and South Africa.
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4. Chlorophis MACROPS.

Oligolepis macrops Bouleng. op. cit. iii. p. 644.

Chlorophis macrops Sternf. Sitzb. Ges. Nat. Fr. Berl. 1908,

p. 95.

German East Africa.

5. Chlorophis neglectus.

Philothammis neglectus Peters, Mon. Berl. Ac. ISRG, p. 890,
and Reise Mossamb. iii. p. 130, pi. xix. A, fig. 2.

Chlorophis neglectus Bouleng. op. cit. ii. p. 94.

East and Central Africa, S. Rhodesia.

6. Chlorophis heterolepidotus.

Ahceiulla heterolejridota Giinth. Ann. & Mag. N. H. (3) xi. 1863,

p. 286.

Chlorophis heterolepidotus Bouleng. t. c, p. 95.

Chlorophis gracilis Sternf. Mitth. Zool. Mus. Berl. v. 1910,

p. 64.

Tropical Africa.

7. Chlorophis irregularis.

Cohiber irregularis Leach, in Bowdich, Miss. Ashantee,

p. 494.

Chlorophis irregularis Bouleng. t. c. p. 96.

Senegambia and Uganda to Damaraland and S. Rhodesia.

9. Philothamnus.

A. Smith, III. Zool. S. Afr., Rept. ; Bouleng. Cat. Sn. ii. p. 98.

1. Philothamj^us semivariegatus a. Smith, t. c. pis. lix., !x.,

it Ixiv. fig. 1 ; Bouleng. t. c. p. 99.

Tropical and South Africa.

10. Gastroptxis.

Cope, Proc. Ac. Philad. 1860, p. 556; Bouleng. Cat. Sn. ii.

p. 102.

Two species :

—

Temporals 1 + 2 ; scales strongly keeled G. smaragdiita.
Temporals 2 + 2; scales feebly keeled G. orientalis.

1. Gastropyxis smaragdina.

Dendrophis smaragdina Schleg, Phys. Serp. ii. p. 237.
Gastropyxis smaragdina Bouleng. t. c. p. 103.

Tropical Africa, from Sierra Leone and Uganda to the Oono-o
and Northern Angola.

43*
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2. Gastropyxis oriextalis Werner, Jahresh. Ver. Nat. Wiirt-

temb. Ixv: 1909, p. 55.

German East Africa.

11. Hapsidophrys.

Fischer, Abb. Nat. A^er. Hamb. iii. 1856, p. 110; Bouleoo^.

Oat. Sn. ii. p. 103.

1. Hapsidophrys lineata Fischer, t. c. p. 111^ pL ii. fig. 5;

Bouleng. t. c. p. 104.

From the Gold Coast t(i the Congo, eastwards to Uganda.

12. TlIEASOPS.

Hallow. Proc. Ac. Philad. 1857, p. 67; Bouleng. Cat. Sn. ii.

p. 104.

1. Thrasops rothschiluit Mocqna-rd, Bulh Mus. Paris. 1905.

p. 286.

British East Africa.

13. RlIAMNOPHIS.

GUnth. Ann. & Mag. N. H. (3) ix. 1862, p. 129 ; Bouleng. Cat.

Sn. iii. p. 632.

1. Rhamnophis jaoksonii.

Thrasops jacksonii GUnth. Ann. & Mag. N.. H. (6) xv. 1895,

p. 528 ; Bouleng. 1. c.

Ugauida, Frencli Guinea, Gold Coast, Knsai.

14. CORONELLA.

Laur. Syn. Kept. p. 84 ; Bouleng. Cat. Sn. ii. p. 188.

Two species :

—

Rostral mucli broader than deep Csemiornata.

Rostral scarcely broader than deep C. scheffleri.

1. CoROXELLA SEMiORXATA Peters, Mon. Berl. Ac. 1854, p. 622,

and Reise Mossamb. iii. p. 116, pi. xvii. fig. 2; Bouleng. t. c,

p. 195.

East Africa, N. Rhodesia.

2. CoRONELLA SCHEFFLERT Steruf Sitzb, Ges. Nat. Fr. Berl.

1908, p. 93.

British Eiist Africa.
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15. Geayia.

Giinth. Cat. Col. Sn. p. 50 ; Boaleng. Cat, Sn. ii. p. 286.

Two species :

—

Scales in 17 rows ; ventrals 145-168 ; .subcaudals 89-102 G. smythii.
Scales iu 15 rows; ventrals 130-143; subcaudals 100-128 Gr. tholloni.

1

.

Geayia smythii.

Coluber smythii Leach, in Tuckey's Exploi-. R. Zaire, App,
p. 309.

Graijia smythii Bouleng. t. e. (part.), and P. Z. iS. 18997 ^h
p. 948, figs.

West and Central Africa and Uganda.

2. Geayia tholloni Mocquard, Bull. Soc. Pliiloiu. (8) ix. 1897,

p. 11 ; Bouleng. P. Z. S. 1-84^, p. 951, fig.

Egyptian Soudan, Uganda, French Congo, Katanga.

16. HOMALOSOMA.

Wagl. 8yst. Amph. p. 190; Bouleng, Cat. Sn. ii. p. 273.

1. HOMALOSOMA LUTRIX.

Coluber lutrix Linn. S. IS", i. p. 375.
lioinalosoma lutrix Bouleng. t. c. p. 274.
Homalosovia shiranum Bouleng, t. c. p. 276.
Homalosoma ahyssinicum Bouleng. 1. c.

East Africa,_ JSTyassaland, South Africa.

17. Peosymna.

Gray, Cat. Sn. p. 80 ; Bouleng. Cat. Sn. ii. p. 246.

Synoi)sis of the Species.

Snout with angular horizontal edge ; two postoculars ; ventrals 131-
153 J>. amhifjiia.

Snout with angular horizontal edge; a single postocular; prsefrontal
entering the ej'e ; ventrals 151-167 P.bocagii.

Snout rounded; two postoculars ; ventrals 140-143 P. variabilis.

1. Peosymna ambigua Bocage, Jorn. Sc. Lisb. iv. 1873, p. 218;
Bouleng. t. c. p. 248.

Zanzibar Coast to Zululand, N. Rhodesia, Angola.

2. Peosymna bocagii Bouleng. Ann. & Mag. N. H. (6) xix.

1897, p. 278, fig., and Ann. Mus. Congo, Zool. ii. 1901, p, 9,

pi. iii. fig. 4.

Prosymna fassei Mocquard, Bull. Mus. Paris, 1906, p. 250.

Ubanghi and Mozambique.

'i
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3. Prosymna variabilis Werner, Jahresh. Nat. Ver. Wiirt-

temb. Ixv. 1909, p. 57.

Moschi, German E. Africa.

18. SCAPHIOPHIS.

Peters, Mon. Berl. Ac. 1870, p. 644 ; Bouleng. Cat. Sn. ii,

p. 254.

1. ScAPHioPHis ALBOPUNCTATUS Peters, t. c. p. 645, pi. i. fig. 4

;

Bouleng. 1. c.

Tropical Africa, from the Soudan to the Congo.

19. Dasypeltis.

Wagl. Syst. AmjDh. p. 178 ; Bouleng. Cat. Sn. ii. p. 353.

1. Dasypeltis scabra.

Coluber scaher Linn. Mus. Ad. Frid. p. 36, pi. x. fig. 1.

Dasypeltis scabra Bouleng. t. c. p.^^54.

Tropical and South Africa, Egypt, S. Arabia.

B. Opisthoglyplia.

I. Ej-e moderate or large, with vertically elliptic pupil ; head distinct from neck
;

nostril between two shields ; loreal present (sometimes entering the eye).

A. Nostril directed upwards, between the nasal and the
internasal

;
parietals broken up into small shields

;

scales smooth or obtusely keeled, in 21 rows Fj/thonodipsas.

B. Nostril between two nasals ; scales smooth or faintly keeled.

1. Two superposed anterior temporals : scales oblique.

Scales in 19 or 21 rows, vertebrals not enlarged TarbopJiis.

Scales in 21 to 25 rows, vertebrals enlarged Dipsadomorphus.

2. A single anterior temporal.

Scales in 19 rows (rarely 17) ; loreal not entering eye Leptodira.
Scales in 17 rows ; loreal entering ej'e Cliaincetortus.

II. Eye small, with vertically subelliptic pupil ; head distinct

from neck ; nasal semidivided, with horizontal cleft

;

scales in 17 or 19 rows Semirhagerrhis.

III. Eye moderate or large, with round or hoi'izontal pupil ; head distinct from
neck ; loreal present.

A. Pupil round.

1. Loreal not more than once and a half as long as deep; scales in 17 or 19

rows, not oblique.

Nostril between two nasals ; ventrals 128-139 ; subcaudals
34-44 Geodipsas.

Nostril in a semidivided nasal ; internasals shorter than pra3-

frontals ; ventrals 147-187 ; subcaudals 59-98 Amplorliiniis.

Nostril between two nasals and the internasal ; subcaudals less

than 70 Trimero7'hinus. .

Nostril between two nasals ; rostral verj' large ; subcaudals 90
or more SJiampJiiopJiis.

2. Loreal at least once and a half as long as deep ; scales more or less oblique.

Scales in 17 rows ; a single anterior temporal Dromoph is.

Scales in 11 to 17 rows ; one or two middle maxillary teeth

much enlarged, fang-like Fsammopliis.



SNAKES OF EAST AFRICA. 627

3, Loreal not more tlian once and a half as long as deep
;

nostril in an undivided nasal; scales very narrow,

oblique, keeled, in 19 or 21 rows BisphoUdus.

B. Pupil horizontal; nostril in an undivided nasal; scales

narrow, oblique, feebly keeled, in 19 rows Thelotomis.

IV. Eye small or very small ; head not at all distinct from neck ; no loreal.

A. Subcaudals in two rows.

1. One or two upper labials in contact with the parietal ; nasal in contact

with the rostral.

Scales in 19 or 21 rows ; no prseocular Calamelaps.

Scales in 15 or 17 rows ; no praocular ; rostral very large, con-

cave below ; a pair of internasals and a pair of prffifrontals . Rhinocalamus.
Scales in 17 rows; a large, elongate prjeocular; rostral very-

large, flat below; prefrontals absent Xenocalamus.

2. Temporals separate the upper labials from the parietals ; scales in 15 rows.

Nasal in contact with the rostral ; no praeocular Micrelaps.

First iipper labial in contact with the internasal ; a prseocular... Miodon.

B. Subcaudals single ; apneocular; scales in 15 rows Aparallactiis.

1. Geodipsas,

Bouleng. Cat. Sn. iii. p. 32.

1. Geodipsas vaueroceg^ Tornier, ZooL Anz. xxv. 1902,

p. 703.

Usambar-a, German E. Africa.

2. Pythonodipsas,

Gunth. Ann. k Mag. N. H. (4) i. 1868, p. 425 ; Bonleng. Oat.

Sn. iii. p. 45,

1. Pythonodipsas carinata Giinth. t. c. p. 426, pi. xix. tig. K;
Bouleng. 1. c.

Zambesi, Damaraland.

3. Tarbophis.

Fleischm. Dalm. nov. Serp. Gen. p. 17 ; Bouleng. Gat. »Sn. iii.

p. 47.

Two species:

—

Scales in 19 rows; anal divided T- semianuulatus.

Scales in 21 rows (rarely 19) ; anal entire T. guentheri.

1. Tarbophis semiannulatus.

Telescopus semimmulatus A. Smith, 111. Zool. 8. Afi'., Kept,

pi, Ixxii.

Tarbophis semiannulatus Bouleng. t. c. p. 51.

Central and East Africa, Angola, S. Africa.

2, Tarbophis guentheri Anders. Pi^oc. Zool. Soc, 1895,

p], xxxvi. fig. 3 ; Bouleng. t. c. p. 52.

East Africa, Arabia, Syria.
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4. DiPSADOMORPllUS.

Fitzing. in Tschuili, Faun. Per., Herp. p. '55
;
Bouleng. Cat,

Sn. iii. p. 59,

1. DiPSADOMORPHUS BLANDINGII.

JJipsas Ucmdingii Hallow. Proc. Ac.Philad. 1844, p. 170.

JJipsadomorphus blandingii Bouleng. t. c. p. 77.

Bi-itish East Africa ; West Africa, from Seneganibia to Congo',

5. Leptodira.

CUinth. Cat. Col. Sn. p. 165; Bouleng. Cat. Sn. iii. p. 88.

Synopsis of the Species.

I. Veiitrals less than 200; subcaudals less than 60 ; 3 to 5 pairs of chin-shields.

One praiocular (rarely divided), separated from the frontal ; f-r«H4al 'J:^M^^

considerably broader than deep ; loreal not or but little longer

than deep i- liotambceia

.

One pra30cular, separated from the frontal ; rostral little broader

than deep ; loreal longer than deep L- degeni.

Two prseoculars, upper in contact with the frontal L. tornieri.

II. Ventrals more than 200; subcaudals 100 or more; two pairs

of chin-shields i- loerneri.

1. Leptodira hotambceia.

(Joronella hotamhceia Laur. Syn. Kept. p. 85.

Leptodira hotamboeia Bouleng. t. c. p. 89.

Tropical and South Africa.

2. Leptodira degeni Bouleng. Proc. Zool. Soc. 1906,ii.p.572,fig,

Leptodira attarensis Werner, Sitzb. Ak, Wien, cxvi, 1907,

p. 1875.

Uganda.

3. Leptodira tornieri Werner, t. c. p. 1876.

Usambara, German East Africa.

4. Leptodira werneri Bouleng. Ann. & Mag. N. H. (6) xix,

1897, p. 281.

Dipsadomorphus reticalat^ts Werner, Jahresli. Nat. Yer. Wiirt-

temb. Ixv. 1909, p. 55.

Usambara, German East Africa,

6. Cham.etortus,

Giinth. Proc. Zool. Soc. 1864, p. 310 ; Bouleng, Cat. Sn. iii. p. 98.

1. Cham^etortus aulicus G until. 1. c. lA. xxvi. fig. 2;

Bouleng. 1. c.

German and Portuguese East Africa, Transvaal.
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7. Hemirhagerrhis.

Boettg. Zool. Anz. 1893, p. 119; Bouleng. Oat. Su. iii. p. 119.

1. Hemirhagerrhis kelleri Boettg. 1. c. ; Bouleng. 1. c.

Somaliland and British East Africa.

8. Amplorhinus.

A. Smith, 111. ZooL S. Afr., Kept. ; Bouleng. Cat. Sn.iii. p. 124.

Two species :—

'reuiporals 1 + 2 or 2 + 2 : ventrals 154-187 A. nototwrna.

Temporals 3 + 4; ventrals 147 ^. tcBniatas.

1. Amplorhinus notot.ienia.

Coronella nototcenia Giinth. P. Z. S. 1864, p. 309, pl.xxvi. fig. 1.

Amplorhimis nototcenia Bouleng. t. c. p. 125.

Amjjlorhinus guntheri Mocquard. Bull. Mus. Paris, 1896,

p. 251.

Egyptian Soudan to Nyassaland ; Angola.

2. Amplorhinus t^eniatus Sternf. Mitth. Zool. Mus. Berl. iv.

1908, p. 241.

Lamu Id., British East Afiica.

9. Trimerorhinus.

A. Smith, 111. Zool. S. Afr.. Rept. ; Bouleng. Cat. Sn. iii.

p. 138.

Two species :

—

Rostral as deep as broad, its upper portion at least half as long as

its distance from the frontal T. trUceniatun.

Rostral slightly broader than deep, its upper portion about one
third its distance from the frontal T. variabilis.

1

.

Trimerorhinus trit^niatus.

Rhagerrhis tritceniata Giinth. Ann. & Maff. N. H. (4) i. 1868,

p. 423, ph xix. fig. H.
Trimei'orhiwas tritceniatus Bouleng. t. c. p. 139.

East, Central, and South Africa.

Probably only a variety of the S. African 2\ rhomheatas.

2. Trimerorhinus variabilis.

Psammojihylax variabilis Giinth. P. Z. S. 1892, p. 557, pi. xxxv.
Tyimerorhinus variabilis Bouleng. t. c. p. 140.

Nyassaland

.
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10. Rhamphiophis.

Peters, Mon. Berl. Ac. 1854, p. 624; Boiileng. Cat. 8n. iii.

p. 144.

Two species :—
Snout rounded; scales in 19 rows; ventrals 230-241; sub-

caudals 154-160 S. rubropunctatv.s.
Snout somewhat hooked in profile ; scales in 17 i-ows ; ventrals

148-192; subcaudals 90-110 It. oxyrhynchus.

1. Rhamphiophis rubropunctatus.

Dipsina ruhrojpunctata Fischer, Jalirb. Hamb. Wiss. Anst. i,

1884, p. 7, pi. i. fig. 3.

Rhamphiophis rubropunctatus Bouleng. t. c. p. 146.

Egyptian Soudan and East Africa.

2. Rhamphiophis oxyrhynchus.

Psammophis oxyrhynchus Reinh. Vid. Selsk. Skrift. x. 1843,

p. 244.

Rhamphiophis oxyrhynchus Bouleng. ]. c.

Tropical Africa.

11. Dromophis.
.

Peters, Mon. Berl. Ac. 1869, p. 447; Bouleng. Cat. Sn. iii.

p. 149.

1 . Dromophis lineatus.

Dryophylax lineatus Dum. & Bibr. Erp, Gen. vii. p. 1124.

Dromophis lineatus Bouleng. 1. c.

Coast of Guinea to Egyptian )Soudan and Zanzibar Coast

;

NyassaJand.

12. Psammophis.

Boie, Isis, 1827, p. 521 ; Bouleng. Cat. Sn. iii. p. 152. •

/Synopsis of the Species.

I. Scales in 17 rows ; 2 or 3 superposed anterior temporals.

Rostral broader than deep ; ventrals 177-192 ; subcaudals 130-
178 P. punetulatus.

Rostral broader than deep ; ventrals 151-180 ; subcaudals 100-
119 P. suhtceniatus.

Rostral as deep as broad P. sibilans.

II. Scales in 15 rows; 2 superposed anterior temporals P. biseriatus.

III. Scales in 11 rows ; a single anterior temporal F, angolensis.

1. Psammophis punctulatus Dum. & Bibr. Erp. Gen. vii.

p. 897 ; Bouleng. t. c. p. 159.

East Africa, from the Blue Nile to Mozambique ; Arabia.
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2. PSAMMOPHIS SUBT^NIATUS.

Psammophis sibilans, var. suhtceniata Peters, Reise Mossamb.

iii. p. 121.

Psammojihis subtceniatus Bouleng. t. c. p. 160.

East Africa, from Uganda to Mozambique ; Nyassaland.

3. Psammophis sibilans.

Coluber sibilans Linn. S. N. i. p. 383.

Psammophis sibilans Bouleng. t. c. p. 161.

Psammophis trinasalis Werner, Abh. Bayer. Ak. xxii. 1903,

p. 381.

Tropical and South Africa ; Egypt.

4. Psammophis biseriatus Peters, Sitzb. Ges. Nat. Fr. Berl.

1881, p. 88 ; Bouleng. t. c. p. 168.

Somaliland and British East Africa.

5. Psammophis angolensis.

Amphiopihis angolevsis Bocage, Jorn. Sc. Lisb. iv. 1872, p. 82.

Psammophis atigolensis Bouleng. t. c. p. 170.

East and Central Africa, Angola, Orange River Colony.

13. Thelotornis.

A. Smith, 111. Zool. S. Afr., Kept. ; Bouleng. Cat. Sn. iii.

p. 184.

1. Thelotornis kirtlandii.

Leptophis kirtlandii Hallow. Proc. Ac. Philad. 1844, p. 62.

Thelotornis kirtlandii Bouleng. t. c. p. 185.

Tropical and South Africa.

14. DiSPHOLIDUS.

Duvernoy, Ann. Sc. ISTat. xxvi. 1832, p. 150 ; Bouleng. Cat.

Sn. iii. p. 186.

1. DiSPHOLIDUS TYPUS.

Bucephalus typus A. Smith, Zool. Journ. iv. 1829, p. 441.

Dispholidus typits Bouleng. t. c. p. 187.

Tropical and Sovith Africa.

15. Calamelaps.

Giinth. Ann. & Mag. N. H. (3) xviii. 1866, p. 26; Bouleng.

Cat. Sn. iii. p, 245.

Two species :

—

Scales in 17 rows C. unicolor.

Scales in 19 or 21 rows ,
C.polylepis.
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1. Oalamelaps UNICOLOR.

Calamaria u7iicolor Reinh. Vicl. Selsk. Skrift. x. 1843, p. 236,

pi. i. figs. 1-3,

CalamelajJs tmicolor Bouleng. 1. c.

Atractaspis hildehrandti Peters, Mon. Berl. Ac. 1877, p. 616
;

Bouleng. t. c. p. 512.

British East Africa ; West A frica.

2. Calamelaps polylepis Bocage, Jorn. Sc. Lisb. iv. 1873,

p. 216 ; Bouleng. t. c. p. 246.

ISTyassalaiid, Angola.

16. Rhinocalamus.

Giinth. Ann. & Mag. N. H. (6) i. 1888, p. 322 ; Bouleng. Cat.

Sn. iii. p. 247.

Two species :

—

Scales in 17 vows ; 6 upper labials J2. dimidiatus.
Scales ill 15 rows ; 7 upper labials R. meleagris.

1. Rhinocalamus dimidiatus Giinth. 1. c. pi. xix. fig. C;
Bouleng. 1. c.

East Africa.

2. Rhinocalamus meleagris Sternf. Mitth. Zool. Mus. Berl. iv.

1908, p. 244.

Lamu Id., British East Africa.

17. Xenocalamus.

Gunth. Ann. & Mag. N. H. (4) i. 1868, p. 414 ; Bouleng. Cat,

Sn. iii. p. 247.

1. Xenocalamus bicolor Giinth. t. c. p. 415, pi. xix. fig. A
;

Bouleng. t. c. p. 248.

Zambesi.

18. Micrelaps.

Boettg. Ber. Senck. Ges. 1879-80, p. 136 ; Bouleng. Cat. Sh.

iii. p. 248.

1. Micrelaps bicoloratus Sternf. Sitzb. Ges. Nat. Fr. Berl.

1908, p. 93.

British East Africa.

19. MiODON.

A. Dum. Arch. Mus. ^. 1859, p. 206; Bouleng. Cat. Sn. iii.

p. 249.

Synoj^sis of the Species.

Frontal slightly broader than supraocular, li to 1^ as long as
broad Jf. gahoiieusis.

Frontal much broader than the supraocular, a little longer tlian

broad ; nasal entire M. cJtris/i/L
'

Frontal much broader than the supraocular, as broad as long ,. ., M. (jraueri.
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1. MiODCN GABONENSIS.

Elapomo7^j)]ms gabonensis A. Dum. Eev. et Mag. Zool. (2) viii.

1856, p. 468.

Miodon gabonensis Bouleng. t. c. p. 252.

Old Oalabav to Congo ; German East Africa,

2. MioDOf CHRiSTYi Bouleng. Ann. & Mag. N. H. (7) xii. 1903,

p. 354.

Uganda.

3. MioDOiNT GRAUERi Sternf. Sitzb. Ges. Nat. Fr. Beri. 1908,

p. 94, and Faun. Deutsch. Kolon. iii. 2, p. 34, fig.

' Uganda.

Perhaps not specifically distinct from the preceding.

20. Aparallactus.

A. Smith, 111. Zool. S. Afr., Kept. App. p. 15 ; Bouleng. Cat,

Sn. iii. p. 255.

Synojjsis of the Species.

I. Sjrmphysial not in contact with tlie cliin-shields.

A. Two postoculavs, in contact with a temporal ; nasal entire, in contact with

the prteocular.

Third and fourth upper labials entering the ej'e A. jachsonii.

Second and third upper labials entering the eye A. werneri.

B. A single postocular ; one upper labial in contact with the parietal.

Nasal entire, not in contact with prpeocular A. concolor.

Nasal divided, in contact with praeocular ; upper part of

rostral about one third its distance from frontal A. lunidatits.

Nasal divided, in contact with prffiocular ; upper part of

rostral two thirds its distance from frontal A. cliristyi.

II. Symphysial in contact with the chin-shields.

A. Third and fourth upper labials entering the ej'e.

Nasal divided ; subcaudals 49-59 A. gwentheri.

Nasal entire ; subcaudals 37-53 A. capensis.

B. Second and third upper labials entering the eye.

Ventrals 110-149 A.nigriceps.

Ventrals 157-162 A.puncfatolineafvs,

1. Aparallactus jacksonii.

Uriechis jacksonii Giinth. Ann. & Mag. IST. H. (6) i. 1888,

p. 325, pi. xix. fig. E,

Aparallactus jacksonii Bouleng. t. c. p. 256,

East Africa.

2. Aparallactus werneri Bouleng. Ann. & Mag. N. H. (G)xvi.

1895, p. 172, and Cat. Bn. iii. p. 257, pi. xi. fig. l'.

Usambara, German East Africa. '

',.
: .•

'•
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3. Aparallactus CONCOLOR.

Uriechis concolor Fischer, Jahrb. Harnb. Wiss. Anst. i. 1884,

p. 4, pi. i.

Aparallactus concolor Bouleng. Oat. Sn. iii. p. 257.

Uganda and Somaliland.

4. Aparallactus lunulatus.

Uriechis lunulatus Peters, Mon. Bei-l. Ac. 1854, p. 623, and

Reise Mossamb. iii. p. 113, pi. xviii. fig. 2.

Aparallactus lunulatus Bouleng. t. c. p. 258.

Lake Tanganyika, N'yassaland, Mozambique.

5. Aparallactus christyi Bouleng. Ann. & Mag. N. H. (8) v.

1910, p. 512.

Uganda.

6. Aparallactus guentheri Bouleng. Ann. & Mag. N. H. (6)

xvi. 1895, p. 172, and t. c. p. 259.

East and Central Africa, S. Rhodesia, Angola.

7. Aparallactus capensis A. Smith, 111. Zool. S. Afr., Rapt.

App. p. 16 ; Bouleng. Oat. Sn. iii. p. 259.

East and South Africa, Katanga.

8. Aparallactus nigriceps.

Lhiechis nigriceps Peters, Mon. Berl. Ac. 1854, p. 623, and
Reise Mossamb. iii. p. Ill, pi. xviii. fig. 1.

Aparallactus nigriceps Bouleng. t. c. p. 260.

Mozambique and Nyassaland.

9. Aparallactus punctatolineatus Bouleng. Ann. & Mag.
N. H. (6) xvi. 1895, p. 173, and Cat. Sn. iii. p. 261.

Nyassaland, Angola.

C. Proteroglypha.

(Loreal absent in all the genera.)

I. Tail compressed ; no distinct veutrals (Marine) Si/drus.

II. Tail not compressed ; ventrals large.

A. Head short; snout broader than long; bod}' cj-lindrical ; snbcaudals less

than 80.

Scales not at all oblique; ventrals 192-193 ; subcaudals 67-78 Boidengerina,
Scales more or less oblique, sometimes very slightly ; ventrals 141-

172; subcaudals 13-25 Elapechis.
Scales oblique ; ventrals 180-228 ; subcaudals 50-72 Naia,

B. Head long, narrow ; snout not broader than long ; bodj'

slightly compressed ; scales very oblique ; ventrals 202-
270; subcaudals 97-121 Den<Jmspig.
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1. Hybrus.

Schneid. Hist. Amph. i. p. 233 ; Bouleng. Oat. Sn. iii. p. 266.

1. Hydrus platurus.

Anguis platura Linn. S. IST. i. p. 391.

Hydrus platurus ^ow\eng. t. c. p. 267.

Indian and Pacific Oceans.

2. BOULEXGERINA.

Dollo, Bull. Mus. Belg. iv. 1886, p. 159; Bouleng. Cat. Sn. iii.

p. 357.

1. BouiiENGERiNA STORMSi DoUo, 1. c. ; Bouleng. 1. c.

Lake Tanganyika.
3. Elapechis.

Bouleng. Cat. Sn. iii. p. 358.

Synopsis of the Sppxies.

Scales in 13 rows ; iuternasals much shorter than the praefrentals.. 'E. guentherv.
Scales in 13 rows ; iuternasals three fourths the length of the

praefroiitals J7. niger.
Scales in 15 rows ; internasals hardly half as long as the prse-

frontals E. boulengeri.

1. Elapechis guentheri.

Elapsoidea guentheri Bocage, Jorn. Sc. Lisb. i. 1866, p. 70,
pi. i. fig. 3.

Elapechis guentheri Bouleng. t. c. p. 359.

Tropical Africa, from the Gaboon and Uganda to Angola and
Nyassaland.

2. Elapechis niger.

Elapsoidea nigra Giinth. Ann. & Mag. IST. H. (6) i. 1888, p. 332.
Elapechis niger Bouleng. 1. c. pi. xx. fig. 1.

East Africa, Congo, IST. Rhodesia.

3. Elapechis boulengeri.

Elapsoidea hoxdengeri Boettg. Zool. Anz. 1895, p. 62.

Elapechis boulengeri Bouleng. t. c. p. 361.

Zambesi.

4. Naia.

Laur. Syn. Kept. p. 90 ; Bouleng. Cat. Sn. iii. p. 372.

Synopsis of the Species.

Sixth (rarely seventh) upper labial largest and deepest ; eye
separated from the upper labials by suboculars ; a single

an terior temporal JV. Jiaie.

Sixth upper labial largest and deepest, in contact with lower
postocular, third and fourth entering the eye; a single
anterior temporal JV. melanoleuca.

Third upper labial deepest, sixth not in contact with postocular,
third or third and fourth entering the eye ; 2 or 3 superposed
anterior temporals jy. rnqrieaUi-s.
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1. ISTaIA HAIE.

Coluber haie Linn, in Hasselq. Reise Palest, p. 366.

Naia haie Bouleng. t. c. p. 374.

Borders of the Sahara, East Africa southwards to the Trans-

vaal and Zululand ; Palestine, Arabia.

2. I^AIA MELANOLEUCA.

Naia haie, var. melanoleuca Hallow. Proc. Ac. Philad. 1857,

pp. 61 & 72.

Naia inelanoleuca Bouleng. t. c. p. 376.

Tropical Africa, from IFganda and the Gold Coast to Nyassaland

and Angola.

3. Naia nigricollis Reinh. Yid. Selsk. Skrift. x. 1843, p. 269,

pi. iii. figs. 5-7
; Bouleng. t. c. p. 8^". 5 "^^

Senegambia, and Upper Egypt to Bechuanaland and Natal.

5. Dendraspis.

Schleg. Yersl. Zool. Gen. Amsterd. 1848 ; Bouleng. Cat. iSn. iii.

p. 434.
"

Synopsis of the Sj^ecies.

A larse upper temporal, in contact with the whole outer border of

the parietal ; scales in 15 to 19 rows D.Jamesonii.

Two upper temporals, in contact with the outer border of the

parietal, the second separated from its fellow on the other

side by 3 or more scales or shields ; scales in 19 to 23 rows ... D. angusticeps.

Two upper temporals, in contact with the outer border of the

parietal, the second separated from its fellow on the other side

\yy a single shield ; scales in 19 rows D. sjoestedti.

1. Dbndraspis jamesonii.

Elaps javiesomi Traill, in Schleg. Phys. Serp., Engl. Transl.

p. 179, pi. ii. figs. 19 & 20.

Deiidraspis jamesonii Bouleng. t. c. p. 436.

Tropical Africa, from Uganda and Nigeria to the Congo and

Angola.

2. Dendraspis angusticeps.

Naia angusticeps A. Smith, 111. Zool. S. Afr., Rept. pi. Ixx.

Dendraspis angusticeps Bouleng. t. c. p. 437.

East and Central Africa, Angola, South Africa.

3. Dendraspis sjoestedti Lonnb. Wiss. Ergebn. Exped.

Kilimandj.-Meru, Rept. p. 17.

British East Africa.

. Perhaps based on an aberrant specimen of the preceding

species.
.

..
_

.

,



SNAKES OF EAST AFRICA. 637

Family V i p E R i » ,E.

Synopsis of the Genera.

1. E.ye moderate or large, separated from the upper laliials hy suboculars ; veiitrals

less than 180.

Upper surface of liead covered with large symmetrical shields

;

pupil round Causus.

Upper surface of head covered with scales ; nasal in contact with

'rostral or separated b}' a single (naso-rostral) shield; pupil

vertical ; subcaudals in two rows Yipera.

Upper surface of head covered with scales ; nasal sejjarated from the
rostral by small scales

;
pupil vertical ; subcaudals in two rows. JBitis.

Upper surface of head covered with scales; im\i\\ vertical; sub-

caudals single ; tail prehensile Af/ieris.

II. Eye minute, with round pupil ; upper surface of head covered

with large symmetrical shields ; no loreal ; a small praaocular

usually present; ventrals 178-356 Airactaspis.

1. Causus.

Wagl. Syst. Aniph. p. 172 ; Bouleiig. Oat. Sn. iii. p. 465.

Synopsis of the Species.

I. Scales in 17 rows or more ; snbcaxidals all or greater part in two rows.

Snout obtuse, moderately prominent; ventrals 120-155 C rliomheatus.

Snout prominent, often more or less distinctly turned up at the

end; scales in 19 to 22 rows ; ventrals 134-152 C. resimtts.

Snout prominent, more or less turned up at the end ; scales in

17 rows ; ventrals 110-125 C defilippii.

II. Scales in 15 rows; subcaudals single C. Uclitenstfiiiii.

1

.

Causus rhombeatus.

Sepedon rhombeatus Licbt. Verz. Donhl. Mas. Berl. p. 106.

Causv,s rhomheaius Bouleng. t. c. p. 467.

Tropical and tSoutli Africa.

2. Causus resimus.

Heterophis resimus Peters, Mon. Berl. Ac. 1862, p. 277, pi. —

,

fig. 4.

Causus resimus Bovileng. t. c. p. 468.

East and Central Africa, Angola.

.3. Causus defilippii.

TTeterodon defilippii Jan, Arch. Zool. Anat. Pliys. ii. 1862,

p. 225.

Oausus defilippii Bouleng. t. c. p. 469.

East and Central Africa, S. Rhodesia, Transvaal.

4. Causus lichtensteinii,

Aspidelaps lichtensteinii Jan, Rev. et Mag. Zool. 1859, p. 511.

Causibs lichtensteinii Bouleng. t. c. p. 470.

Tropical Africa, from the Gold Coast and Uganda to the Congo.

Proc. Zool. Soc—1915, No. XLIY. 44
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2. YiPERA.

Laur. Syn, Hept. p. 99 ; Bouleng. Cat. Sn. iii. p. 471.

Two species :

—

No supraocular ; anterior nasal separated from tlie rosti"al by a

naso-rostral , V. Mndii.

nA. large supraocular; anterior nasal in contact with tlie rostral... V. superciliaris.

1. ViPERA HINDU Bouleng. Ann, & Mag. IST. H. (8) v. 1910^

p. 513.

Kenya district. East Africa.

^ 2. YiPEBA SUPERCILIARIS Peters, Mon. Berl. Ac, 1854, p. 625,

and Reise Mossamb. iii. p. 144, pi, xxi. ; Bovileng. Cat, Sn, iii.

p. 491,

German East Africa at Cape Delgado.

3. BiTis.

Gray, Zool, Miscell. p. .69 ; Bouleng. Cat. Sn. iii. p. 492,

Synopsis of the Species.

One or two series of scales between the nasal and the rostral ;

nostrils directed upwards B. arietans:

4 or 5 series of scales between the nasal and the rostral ; a single

enlarged, sometimes horn-like scale above the internasal, in

contact with its fellow J3. gahonica.
4 or 5 series of scales between the nasal and the rostral ; 2 or 3

enlarged, horn-like scales above the internasal, usually with
small scales between them and their fellows H. nasicorreis,

1. BiTIS ARIETANS.

Vipera arietans Merr. Tent, p. 152,

Bitis arietans Bouleng. t. c, p, 493.
^ Tropicjvl and South Africa ; Southern Arabia.

2. Bitis gabonica.

Echidna gctbonica Dum. & Bibr. Erp. Gen, \\i. p. 1428^
pi. Ixxx. h.

Bitis gabonica Bouleng. t. c, p. 499.

Tropical Africa.

3. Bitis nasicornis.

Coluber nasicornis Shaw, Nat, Miscell. iii. pi. xciv.

Bitis nasicornis Bouleng. t. c. p, 500,

Tropical Africa,
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4. Atheris.

Cope, Proc, Ac. Philad. 1862, p. 337; Bouleng. Cat. Sn. iii.

p. 508.

Synopsis of the Species.

No Lorn-like superciliiiry scales ; scales in 15 to 25 rows
; gular

scales strongly keeled A. squamiger.
No horn-like superciliary scales ; scales in 25 to 32 rows

;
gular

scales smootli or very feebly keeled A. nitsehei.

Several erect, horn-like superciliary scales ; scales in 25 rows ... A. ceratophorws.

1. Atheris squamiger.

Echis squamigera Hallow. Proc. Ac. Philad. 1854, p. 193.

Atheris sqtiamiger Bouleng. t. c. p. 509.

Uganda, Central Africa, "West Africa from Calabar to Angola.

2. Atheris nitschei Tornier, Zool. Jahrb., Sjst. xv. 1902,

p. 589, fig.

Atheris tvoosnami Bouleng. Ann. & Mag. N. H. (7) xviii. 1906,

p. 37, and Tr. Zool. Soc. xix. 1909, p. 246, pi. ix.

N.W. and E. of Lake Tanganyika, and Mt. Ruwenzori.

3. Atheris ceratophorus Werner, Yerli. Zool.-bot. Ges.

Wien, xlv. 1895, p. 194, pi. v. fig. 1 ; Bouleng. Cat. Sn. iii.

p. 510.

German East Africa and Togoland.

5. Atractaspis.

A. Smith, III." Zool. S. Afr., Rept. ; Bouleng. Cat. Sn. iii.

p. 510.

Synopsis of the Species.

I. Aual divided ; all or most of the subcaudals i)aired ; scales in 23 to 27 rows.

Snout rounded ; one postocular; third lower labial largest A. irregularis.

Snout pointed; one postocular; third lower labial largest A. conrad.ii.

Snout rounded; two postoculars ; fourth or .fifth lower labial

largest A. bvpostocularis.

II. Anal entii'e ; all or most of the subcaudals single.

A. Postocular in contact with a large temporal.

Snout cuneiform ; first lower labial in contact with its fellow

behind the symphysial ; scales in 23 rows ; ventrals 227-
248 A. rostrata.

Snout rounded ; first lower labial in contact with its fellow
behind the symphysial ; scales in 19 or 21 rows ; ventrals

251-300 A. aterrima.
Snout rounded; symphysial in contact with the chin-shields;

scales in 25 rows ; ventrals 242 A. Tcatangce.

B. Temporals small, 2 or 3 superposed in front; snout sub-
cuneiform ; scales in 29 to 37 rows ; ventrals 212-245. A. microlepidota.

44*
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1 . A.TRACTASPIS IRREGULARIS.

Elajjs iro-egiolaris Reinh. Yid. Selsk. Skrift. x. 1 84.3, p. 264,

pi. iii. tigs. 1-3.

Atractaspis irregularis Bouleng. t. c. p. 513.

From the Gold Coast and Uganda to the Congo.

2. Atractaspis conkadsi Sternf. Sitzh. Ges. Nat. "Fr. Bei-l.

1908, p. 94.

Uganda and German East Africa.

3. Atractaspis bipostocularis BouJeng. Ann. &, Mag. IST. H.

(7) XV. 190.5, p. 190.

Mount Kenya.

4. Atractaspis rostrata Giinth. Ann. & Mag. N. H. (4) i.

1868, p. 429, pi. xix. fig. i. ; Bouleng. Cat. Sn. iii" p. 514.

East Africa and Nyassaland.

5. Atractaspis aterrima Giinth. Ann, & Mag. N. H. (3) xii.

1863, p. 363 ; Bouleng. t. c. p. 515.

Uganda and West Africa, from the Gold Coast to the Niger.

6. Atractaspis katang^ Bouleng. Ann. Mus. Congo, Zool. ii.

1901, p. 13, pi. V. fig. 2 ; Steriif. Mitth. Zool. Mus. Berl. v. 1911,

p. .385.

Katanga and German East Africa.

7. Atractaspis microlepidota Giinth. Ann. & Mag. N. H.

(3) xviii. 1866, p. 29, pi. vii. ; Bouleng. Cat. 8n. iii, p. 517.

East and Central Africa.
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46. A List of the Snakes of North-East Africa, from the

Tropic to the Soudan and Sonialihand, including

Socotra. By G-. A. Boulenger, F.R.S., F.Z.S.*
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With this Kst the Ophidian fauna of East and Central Africa

is completed, only two divisions remaining to be dealt with,

viz., West Africa north of the Congo, and North Africa.

/Synoj:>sid of the Families.

I. Worm-like, with small inferior mouth ; eyes hidden or visible under the head-

shields, and body covered with uniform imbricate scales above and beneath.

22 or more scales round middle of body ; ocular not bordering the

mouth; tail not or but little longer than broad Typhlopid.i;.
11 scales round middle of bodj' Glauconiiujj.

II. Mouth large, eyes exposed; body with enlarged shields beneath (except in

the marine genus Sydrus).

Ventral shields much narrower than the bod}^ ; supraocular, if

distinct, broken up into two or more shields; scales on
anterior part of body smooth Boidje.

Ventral shields at least nearly as broad as the body ; supraocular

single; poison-fangs, if present, not ni a very large sheath ... Colubriu.t^.
Ventral shields at least nearly as broad as the body, or upper sur-

face of head covered with small scales ; poison-fangs in a very

large sheath below the eve VirEiUDi\

A single genus.

Family T v p h L o p i u .-E.

1. Typhlops.

Schneid. Hist, xlniph. ii. p. 339 ; Bouleng. Cat. Sn. i. p. 7.

S'l/uopsis of the Species.

I. Snout rounded or with obtusely angular horizontal edge.

A. Rostral not more than one-third width of head ; eyes distinct.

Snout rounded ; 24 scales round middle of body, the diameter of

which is 37 to 50 times in total length T. socotranus.
Snout much depressed ; 22 scales round middle of body," the

diameter of which is 20 to 30 times in total length T. ouiieirostris.

13. Rostral very broad.

Rostral half width of head ; 30 scales round middle of body, the
diameter of'which is 30 to 40 times in total length T. hlanfurdu.

Rostral more than half width of head ; 26 to 30 scales round
middle of body, the diameter of which is 24 to 30 times in

total length T. puuctatics.

* Published by pei'niission of tlie Trustees uF the IJritish jMuseuui.
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II. Snout with sharp horizontal edge.

No subocular ; 28 scales round middle of body, the diameter of

which is 55 times in total length T. acutirostris

No subocular ; 24 scales round middle of body, the diameter of

which is 90 times in total length T. somalicus

A large subocular, separating the small ocular from the upper

labials ; 24 scales round middle of body, the diameter of

which is 50 to 63 times in total length T. uniteeni

1. Typhlops socotranus Bouleng. Ann. & Mag. IST. H. (6) iv.

.1889, p. 362, and Cat. Sn. i. p. 21, pi. ii. fig. 2.

Socotra.

2. TypHLOPS cuNEiROSTRis Peters, Mon. Berl. Ac. 1879, p. 775,

pi, — ^ fig, 4 ; Bouleng. Cat. Sn. i. p. 32, and Ann. Mus. Geneva

(2) xvii. 1896, p. 10.

Somaliland.

3. Typhlops blanfordii Bouleng. Ann. & Mag. N. H. (6) iv.

1889, p. 363, and Cat. Sn. i. p. 39 ; Peracca, Boll. Mus. Torin.xii.

no. 273, p. 1.

Abyssinia, Erythrea.

4. Typhlops punctatus Leacli.

Bouleng. Cat. Sn. i. p. 42.

Typhlops adolphi Sternf. Mitth. Zool. Mus. Berl. v. 1910, p. 70.

Tropical Africa, as far north as the Gambia and the Bahr el

Gebel ; not recorded from Somaliland.

5. Typhlops acutirostris Mocquard, Bull. Mus. Paris, 1905,

p. 77.

Shoa.

6. Typhlops somalicus Bouleng. Proc. Zool. Soc. 1895, p. 536,

pi. XXX. fig. 1, and Cat. Sn. iii. p. 589.

Somaliland.

7. Typhlops unit^niatus Peters, Mon. Berl. Ac. 1878, p. 205,

pi. ii. fig. 5 ; Bouleng. Cat. Sn. i. p. 55, and Ann. Mus. Genova

(3) V. 1912, p. 331 (var, atceniatus).

Somaliland and British East Africa.

Family GLAucoNiiDiE.
A single genus.

1. Glauconia.

Gray, Cat. Liz. p. 139 ; Bouleng. Cat. Sn. i. p. 59.

Synopsis of the tipec'ies.

I. Ocular bordering the mouth.

A. Snout more or less stronglj' hooked in profile.

Eostral extending posteriorly to the level of the eyes ; diameter

of body 70 to 113 times in total length G, macrorhynclius.
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Rostral not extending to the level of the ej^es ; diameter of

body 100 to 140 times in total length G.filiformis.
Rostral not extending to the level of the eyes ; diameter of

body 40 to 48 times in total length G. macrura,

B. Snout not hooked.

Supraocular nearly twice as broad as long ; diameter of body
50 to 55 times in total length G. emini.

Supraocular small, longer than broad; diameter of body 38
times in total length G. reticulata.

Supraocular small, not or but little broader than long ; diameter

of body 65 to 90 times in total length G. cairi.

II. Ocular not bordering the mouth ; diameter of body 42
times in total length G. dissimilis.

1. Glauconia macrorhynchus.

Stenostoma viacrorhynchurti Jan, Arch. Zool. Anat. Pliys. i.

1862, p. 190.

Glauconia macrorhynchus Bouleng. Oat. Sn. i. p. 61.

Glauconia algeriensis Jacquet, Bibl. Anat. iv. 1896, p. 79, figs.

Nubia, Algeria, Mesopotamia (?), Persia.

2. Glauconia filiformis Bouleng. Bull. Liverp. Mus. ii. 1899,

p. 7, and Rep. Sokotra Exped. p. 88, pi. xi. fig. 2.

Socotra.

3. Glauconia macrura Bouleng. Rep. Sokotra Exped. p. 89,

pi. xi. fig. 3.

Socotra.

4. Glauconia emini Bouleng. Ann. & Mag. N. H. (6) vi. 1890,

p. 91, and Oat. Sn. i. p. 64, pi. iii. fig. 8.

Oentral and East Africa, as far north as Somaliland and
Abyssinia.

5. Glauconia reticulata Bouleng. Ann, & Mag. N. H. (7) xviii.

1906, p. 441.

Goolis Mts., Somaliland.

6. Glauconia cairi.

Stenostoma cairi Dum. & Bibr. Erp. Gen. vi. p. 323.

Glauconia cairi Bouleng. Oat. Sn. i. p. 66.

Egypt, Nubia, Abyssinia, Somaliland, Mauritania.

7. Glauconia dissimilis.

Stenostoma dissimile Bocage, Jorn. Sc. Lisb. xi. 1886, p. 174.

Glauconia dissimilis Bouleng. t. c. p. 70.

White Nile.

Family B o i D ^.

Two genera :
—

Upper surface of head with shields ; rostral and anterior upper labials

deeply pitted ; subcaudals in two rows Fytlion.
Upper surface of head with small scales; tail very short, subcaudals

single Eri/x.
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1

.

Pythox.

Daud. Hi«t. Kept. v. p. 266 ; Bouleng. Cat. Sn. i. p. 85.

Two species :

—

Two upper labials pitted; 79-95 scales across thickest part of body;
veiitrals 260-286; subcaudals 58-82 P.sehes.

I'our iipjier labials pitted ; 53-63 scales across thickest part of body

;

veiitrals 196-207 ; subcaudals 30-37 F.rec/ius.

1. Pythox SEB^E.

Coluber sebce Gniel. S. IS. i. p. ] 118.

Fython sebce Bouleng. t. c. p. 86.

Ti'opical and South Africa, as far north as Senegambia and
the White Nile.

2. Python regius.

Boa regia Shaw, Zool. iii. p. 347, pi. xcvi.

Fython regius Bouleng. t. c. p. 88.

Senegambia to Nigei', eastwards to the Egyptian Soudan.

2. Ehyx.

])aud. Hist. Kept. vii. p. 251 ; Bouleng. Cat. Sn. i. p. 122.

Two species :

—

Tail ending in a conical scute ; scales in 47 to 53 rows, keeled on
posterior part of body E, tJiehaicus.

Tail ending in a curved, claw-like scute; scales in 41 to 45 rows, all

smooth JE. muelleri.

1. EiiYX THEBAicus lleuss, Mus. Senckenb. i. 1834, p. 134;
Bovileng. t. c. p. 125.

Upper Egypt to German East Africa,.

2. Eryx muelleri.

Gongylophis imtelleri Bouleng. Ann. ct Mag. N. H. (6) ix. 1892,
p. 74.

Eryx muelleri Bouleng. Cat. Su. i. p. 128, pi. v. fig. 2.

Egyptian Soudan, Mauritania, N. Nigeria, Togoland.

Eaniily CoLUERiUiE.
Three parallel series :

—

No poison-fangs ; all the teeth solid A. Aglypha.
Poison-fangs behind B. Opisthoglypha.
Poison-fangs in front

: C. Proteroglypha.

A. Aglypha.
I. Nostril between two nasals, or between two nasals and tlie inteniasal; loreal

present.

A. At least one upper labial bordering the eye.

1. Pupil round; scales in 19 or 21 rows; no subocular ; a single anterior
temporal.

Scales^ in_19 rows; venlrals 131-150; anal divided; subcaudals
^°~95 Ti'opidonotus.
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Scales in 21 rows; veiitrals 174-198; anal entire; subcaudals 36-

41 ; a deep groove above 5th and 6th upper labials Fseudohoodou.

2. Pupil vertically elliptic.

«. Anal entire; a single anterior temporal.

Scales smooth, in 21-33 rows JBoodon.

Scales smooth, in 17 rows Li/cophidium.

Scales strongl}' keeled, vertebials bicarinate Simoceplialus.

h. Anal divided.

Scales in 21 rows ; ventrals 216 ; subcaudals 67-70 Aeluroglena.
Scales in 19 rows; ventrals 160-188; subcaudals 35-46; rostral

angularly bent, detached at the sides Lytorhynchus.

3. Pupil round ; scales in 15-23 rows ; ventrals 150 or more, or, if less,

subcaudals 100 or more ; loreal not more than twice as long as deep.

a. One or two suboculars below the prseocular ; frontal

not twice as long as broad Zamenis.

b. No subocular ; frontal not twice as long as broad.

Scales in 15 rows; ventrals 150-193; subcaudals 77-123, without
a keel Chloropliis.

Scales in 15 rows ; ventrals 166-207 ; subcaudals 112-157, with a

strong keel Fhilothamnus.
Scales in 21 rows ; ventrals 176-224 ; subcaudals 63-88 Coronella.

c. No subocular ; frontal at least twice as long as broad
;

scales in 15 rows ; ventrals 130-143 ; subcaudals
100-128 Grai/ia.

]5. Ej'e separated from the upper labials by a series of sub-

oculars ; snout with angular horizontal edges ; scales in

19-25 rows Scaphiophis.

II. Nostril in a single or semidivided nasal.

J5. Scales smooth, in 15 rows.

1. Nasal semidivided, with a longitudinal cleft behind the nostril ; internasal

and prefrontal single.

Rostral with angular horizontal edge Frnst/mna.
Rostral with obtuse horizontal edge Asthenoph is.

2. Nasal entire ; internasal and prsefrontal i^aired.

Ventrals 162 ; anal divided; subcaudals 69 Contia.

Ventrals 113-144; anal entire; subcaudals 19-46 TLomalosoma.

B. Scales strongly keeled, in 23-27 rows ; no loreal Dasi/peltis.

1. Tropidonotus.

Kuhl, Bull. He. K"at. ii. 1824, p. 81 ; Bouleng. Cat. Sn. i.

p. 192.

1. Tropidonotus olivaceus.

Coronella olivacea Peters, Mon. Berl. Ac. 1854, p. 622.

Tropidonotus olivaceus Bouleng. t, c. p. 227.

Tropical Africa,, from the Soudan to Angola, Damaraland, and
Southern Rhodesia.

2. PSEUDOBOODON.

Peracca, Boll. Mus. Torin. xii. 1897, no. 273, p. 1

.

1 . PsEUDOBOODON GASC.*:.

Peracca, t. c. p. 2, fig.

Lamprophis ab>/ss(nicns ]Moci|uard. Bull. Mus. Paris. 1906.

p. 249.

ErvtJirea. Altvssinia,
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O. BOODON.

Duni. & Bibr. Mem. Ac. Sc. xxiii. 1853, p. 460; Bouleng.

Cat. Sn. i. p. 327.

Synopsis of the Species.

I. Scales ill 21 or 23 rows
;
prseocular not extending to upper surface of head.

Three upper labials entering the e3'e ; a single anterior temporal . JB. lemniscatus.

Two upper labials entering the eye ; 2 or 3 superposed anterior

temporals S. erlangeri.

II. Scales in 25 to 33 rows ; pr»ocular extending to upper surface of head.

Parietals longer than the distance between the frontal and the end
of the snout J5. lineatus.

Parietals as long as the distance between the frontal and the end
of the snout S.fuliginosus.

1. BooDON LEMNISCATUS Dum. & Bibr, Erp. Gen. vii. p. 365
;

Bouleng. t. c. p. 329.

LampropMs rogeri Mocquard, Bull. Mus. Paris, 1904, p. 307,

and 1905, p. 289.

Abyssinia.

2. B.OODON ERLANGERI Sternf. Sitzb. Ges. Nat. Fr. Berl. 1908,

p. 92.

Somaliland.

3. BooDON LINEATUS Dum. & Bibr. Erp. Gen. vii. p. 363

;

Bouleng. t. c. p. 332.

Ti'opical and South Africa ; S. Arabia.

4. BoODON FULIGINOSUS.

Lycodon fuliginosus Boie, Isis, 1827, p. 551.

Boodon fuliginosus Bouleng. t. c. p. 334.

Mauritania to N. Nigeria, eastwards to tlie Egyptian Soudan.

4. Lycophidium.

Dam. & Bibr. Mem. Ac. Sc. xxiii. 1853, p. 462; Bouleng.

Cat. Sn. i. p. 336.

Two species :

—

Rostral nearly twice as broad as deep L. capense.

Rostral but little broader than deep L. abi/ssinicum .

1. Lycophidium capense.

Lycodon ccqyensis A. Smith, S. Afr. Quart. Journ. i. no. 5,

1831, p. 18.

Lycophidmm capense Bouleng. t. c. p. 339.

Tropical and South Africa.

2. Lycophidium abyssinicum Bouleng. t. c. p. 342, pi. xxii.

fig. 1.

Abyssinia.
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5. SlMOCEPHALUS.

Gunth. Cat. Col. Sn. p. 194 ; Bouleng. Cat. Sn. iii. p. 344.

1. SlMOCEPHALUS BUTLEUi Bouleng. Ann. & Mag. N. H. (7) xx.

1907, p. 489, and Ann. Mus. Geneva (3) v. 1911, p. 164.

Mehehja somcdiensis Lonnb. & Anderss. Ark. f . Zool, viii. 1913,

no. 2, p. 2.

Egyptian Soudan, Southern Ethiopia, Somaliland.

6. Zamenis.

Wagl. Syst. Amph. p. 188 ; Bouleng. Cat. Sn. i. p. 379.

Syiioiysis of the Species.

I. Scales ill 15 rows ; veiitnils 173 Z. somalicvs.

II. Scales in 19 rows.

Veiitrals 213-262; subcaudals 113-154 Z. rliodorliacliis.

Veiitrals 159; subcaudals 76 Z. hrevis.

III. Scales in 21 (rarely 23) rows; two labials entering the eye.

9 or 10 upper labials ; veiitrals 171-187 Z. smithii.

9 upper labials ; ventral s 200-228 Z.florulentus.

8 upper labials ; veutrals 195 Z. citernii.

IV. Scales in 23 rows ; a single labial entering the eye

;

ventrals 219-228 Z. socotra.

1. Zamenis S0MALICU3 Bouleng. Ann. Mus. Genova (2) xvii.

1896, p. 11.

Somaliland.

2. Zam:enis_rhddorhachis Jan, in De Filippi, Viagg. Pers.

p. 356 ; Bouleng. Cat. Sn. i. p. 398.

Egypt to Somaliland ; S.W. Asia.

3. Zamenis brevis Bouleng. Ann. Mus. Genova (2) xv. 1895,

p. 13, pi. iii. fig. 3, and Cat. Sn. iii. ji. 623.

Somaliland.

4. Zamenis smithii Bouleng. P. Z. S. 1895, p. 536, pi. xxx.

fig. 2, and Cat. Sn. iii. p. 624.

Somaliland.

5. Zamexis florulentus.

Coluber jiorulentus Geoffr. Descr. Egypte, Kept. p. 146,

pi. viii. fig. 2.

Zamenis Jiorulentus Bouleng. Cat. Sn. i. p. 402.

Egypt to Somaliland.

6. Zamenis citernii Bouleng. Ann. Mus. GenoA^a (3) v. 1912,

p. 331.

Somaliland.
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7. Zamenis SOCOTR.E Guntli, P. Z. S. 1881, p. 463, pi. xli.

;

Bouleng. Cat. Sn. i, p. 408.

Socotra.

7. Aeluroglena.

Bouleng. Ann. & Mag. N. H. (7) ii. 1898, p. 132.

1. Aeluroglena oucullata Bouleng. 1. c.

Sonialiland.

8. Lytorhynchus.

Peters; Mon. Berl. Ac. 1862, p. 272; Bouleng. Cat. Sn. i.

p. 414.

1. Lytorhynchus diadema.

Hetp/rodon diadema Dum. & Bibr. Erp. Gen. vii. p. 779.
Lytorhynchus diadema Bouleng. t. c. p. 415.

Algerian and Tunisian Sahara, Tripoli, Egypt, Nubia ; Arabia,
Syria.

9. Chlorophis.

Hallow. Proc. Ac. Pliilad. 1857, p. 52 ; Bouleng. Cat. Sn. ii.

p. 91.

Two species :

—

3 labials entering the eye; ventrals 151-193, without lateral keels ... C. emini.

2 labials entering the eye ; ventrals 11'8-169, with a slight lateral

keel C. neglectus.

1, Chlorophis emini.

Ahcetulla emini Giintb. Ann. &, Mag. N. IT. (3) xi. 1863,

p. 285.

Chlorophis emini Bouleng. t. c. p. 92, pi. v. fig. 1.

Egyptian Soudan to Uganda and fluwenzori.

2. Chlorophis neglectus.

Fhilothainiius neglectus Peters, Mon. Berl. Ac. 1866, p. 890.

Chlorophis neglectus Bouleng. t. c. p. 94.

Central and East Africa., as far north as Sonialiland.

10. Philothamxus.

A. Sniith, 111. Zool. S. Afr., Kept. ; Bouleng. Cat. Sn. ii. p. 98.

1. Philothamnus semivariegatus a. Smith, op. cit. pis. lix.,

Ix., & Ixiv. fig. 1 ; Bouleng. t. c. p. 99.

Tropical and South Africa.
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11. CORONELLA.

Laur. Syn. Rept. p. 84; Bouleng, Cat. Sn. ii. p. 188.

1. OoROKELLA SEMioRNATA Peters, Men. Berl. Ac. 1856, p. 622 ;

Bouleng'. t. c. p. 195.

]Sr. Rhodesia and E. Africa, as far north as the Blue Nile.

12. Grayia.

Giinth. Cat. Col. Sn. p. 50 ; Bouleng. Cat. Sn. ii. p. 286.

1. Grayia tholloni Mocquard, Bull. Soc. Philom. (8) ix. 1897,

p. 11 ; Bouleng. P. Z. S. 1909, p. 951, fig.

Egyptian Soudan, Uganda, Katanga, French Congo.

13. SCAPHIOPHIS.

Peters, Mon. Berl. Ac. 1870, p. 644; Bouleng. Oat. Sn. ii.

p. 254.

1. ScAPHioPHis ALBOPUNCTATUs Peters, t. c. p. 645, pi. i. fig. 4

;

Bouleng. 1. c.

Tropical Africa, from the Soudan to the Congo,

14. PROSYMNA.

Gray, Cat. Sn. p. 80; Bouleng. Cat. Sn. ii. p. 246.

1. Prosymna meleagris.

Ccdamaria mdeagris Reinli. Vid. Selsk. Afh. x. 1843, p. 238,
pi. i. figs. 4-6.

Prosymna meleagris Bouleng. t. c. p. 249.

Egyptian Soudan and Sierra Leone to the Congo.

15. AsTHEXOPHIS.

Bouleng. Ann. Mus. Genova (2) xvii. 1896, p. 12.

1. ASTHENOPHIS RTTSPOLTI Bouleug. 1. C.

Somaliland.

16. CoNTIA.

Baird & Gir. Cat. N. Am. Rept. n. 110; Bouleng. Cat. Sn, ii.

p. 255.

1. CoNTiA AFRICANA Bouleng. Ann. & Mag. N. H. (8) xiv 1914
p. 483.

Red Sea Pi'ovince of the Soudan.
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17. HOMALOSOMA.

Wagl. Syst. Araph. p. 190 ; Bouleng. Cat. Sn. ii. p. 273.

1. HoMALOSOMA LUTRIX.

Coluber lutrix Linn. S. N, i, p. 375.

Homalosoma lutrix Bouleng. t. c. p. 274.

Homcdosoma shiranum et abyssinicum Bouleng. t. c. p. 276,

pi. xiii. figs. 1 & 2.

East, Central, and South Africa, as far north as Abyssinia.

18. Dasypeltis.

Wagl. Syst. Amph. p. 178 ; Bouleng. Cat. Sn. ii. p. 353.

1, Dasypeltis scabra.

Coluber scaber Linn. Mus. Ad. Frid. p. 36, pi. x. fig. 1.

Dasypeltis scabra Bouleng. t. c. p. 354.

Tropical and South Africa, Egypt ; South Arabia.

B. Opisthoglyplia.

I. Eye rather small, inoderate, or large, with vertically elliptic or snhelliptic pupil

;

ioreal present; nasal, if not completely divided into two, with horizontal cleft.

A. Nostril hetween two nasals.

Scales in 21 or 23 rows ; ventrals 142-153 ; suhcaudals single,

35-44 Diti/pnpJiis.

Scales in 19 to 23 rows; ventrals 205-274; suhcaudals 61-86

pairs TarhophU.
Scales in 19 rows ; ventrals 144-180; suhcaudals 32-54 pairs,.. Leptodira.

B. Nasal semidivided ; scales in 17 (rarely 19) rows ; ventrals

148-173; 187: suhcaudals 61-78 Hemirhagerrliis.

II. Ej^e moderate or large, with round or horizontal pupil; Ioreal present.

A. Pupil round.

1. Loreal not more than once and a half as long as deep ; scales not ohlique.

a. Nostril round ; scales in 17 rows.

Nostril in a semidivided nasal ; rostral hroader than deep, just

visihle from ahove Amplorhinus.

Nostril hetween two nasals and the internasal ; rostral as deep

as hroad, its upper portion at least half as long as its

distance from the frontal Trimerorhinus.

b. Nostril a crescentic slit in a divided or semidivided nasal; scales in 17

or 19 rows.

Suhcaudals less than 80 Coelopeltis.

Suhcaudals 90 or more Bhamphiophis.

2. Loreal at least once and a half as long as deep ; scales more or less oblique;

suhcaudals 78 or more.

Scales in 17 rows; a single anterior temporal DromopMs.
Scales in 13 to 19 rows ; usually two superposed anterior tem-

porals; one or two anterior maxillary teeth much enlarged,

fang-like Psammophis.

3. Loreal not more than once and a half as long as deep :

nostril in an undivided nasal ; scales very narrow,

very oblique, keeled, in 19 or 21 rows JDispliolldus.

B. Pupil horizontal ; nostril in an undivided nasal ; scales

narrow, oblique, feebly keeled, in 19 rows Tlielotornis.
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III. Eye small or ver.y small; no loreal ; nasal, if present, single; scales in

15 rows.

A. Subcaudals paired; ventrals 171-256.

Nasal and internasals present Micrelaps.

No nasal or internasals ; nostril in the first upper labial Cliilorliinojyhis.

B. Subcaudals single.

Internasal in contact with first upper labial ; ventrals 104-115

;

subcaudals 11-13 BracliynpUs.

Nasal in contact with rostral ; ventrals 145-165 ; subcaudals

48-71 Aparallactus.

1. DiTYPOPHIS.

Giinth. P. Z. S. 1881, p. 462 ; Bouleng. Cat. Su. iii. p. 46.

1. DiTYPOPHIS viVAX Giinth. 1. c. pi. xl. ; Bouleng. 1. c.

Socotra.

2. Tarbophis.

Fleisclim. Dalm. nov, Serp. Gen. p. 17; Bouleng. Cat. Sn. iii.

p. 47.

Two species :

—

Scales in 19 or 21 rows ; anal entire T. guentheri.

Scales in 21 or 23 rows ; anal divided T. obtusus.

1. Tarbophis guentheri Anders. P. Z. S. 1895, p. 656,

pi. xxxvi. fig. 3 ; Bouleng. t. c. p. 52.

East Africa, as far north as Soinaliland ; Arabia, Syria.

2. Tarbophis obtusus.

Colnher obttfsus Reuss, Mus. Senckenb. i, 1834, p. 137.

Tarbophis obtusus Bouleng. 1. c.

Egypt to Somaliland, Mauritania and 'N. Nigeria.

3. Leptodira.

Giinth. Cat. Col. Sn. p. 165 ; Bouleng. Cat. Sn. iii. p. 88.

1. Leptodira hotambceia.

Coronella hotambcaia Laur. Byn. Rept. p. 85.

Leptodira hotamboeia Bouleng. t. c. p. 89,

Tropical and South Africa.

4. Hemirhagerrhis.

Boettg. Zool. Anz. 1893, p. 119 ; Bouleng. Cat. Sn. iii. p. 119.

1. Hemirhagerrhis kelleri Boettg. t, c. p. 129 ; Bouleng. 1. c.

Somaliland and British East Africa.
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5. Amplorhinus.

A. Smith, 111. Zool. S. Air., Kept. ; Bouleug. Cat. Sn. iii.

•p. 124.

1. Amplorhinus notot.bnia.

Coronella nototirnia Giinth. P. Z, S. 18(54, p. 309, pi. xxvi.

Aonplorhinus nototcfnia Boiileng. t. c. p. 125.

Amq^lorhinus gilntheri Mocquard, Bull. Mus. Paris, 1906,

p. 251.

Egyptian Soudan to Nyassaland ; Angola.

6. Trimerorhinus.

A. Smith, 111. Zool. S. Afr., Kept.; Bonleng. Cat. Sn. iii.

p. 138.

1. Trimerorhinus trit^niatus.

Rhagerrhis tritceniata Giinth. Ann. & Mag. N. H. (4) i. 1808.

p. 423, pi. xix. fig. H.
Triviei^orhinus tritceniatus Bouleng. t. c. p. 139.

Africa south of the Equator; East Africa as far north as

Abyssinia.

Perhaps not specifically separable from 7'. rhombeMtus L.

7. CCELOPELTIS.

Wagl. Syst. Amph. p. 189 ; Bouleng. Cat. Sn. iii. p. 141.

1. OCELOPELTIS MOILENSIS.

Colvher moilensis Reuss, Mus. Senckenb. i. p. 142, pi. vii. fig. 1.

Coslopeltis moilensis Bouleng. t. c. p. 143.

Northern Sahara, from Algeria to Egypt and Xubia ; Arabia,

western Persia.

8. Rhamphiophis.

Peters, Mon. Berl. Ac. 1854, p. 624 ; Bouleng. Cat. Sn. iii.

p. 144.

Two species :

—

Scales in 19 rows on the bodj' ; ventrals 230-241 ; subcaudals
154-160 R. rnhropnnctatns.

. Scales in 17 rows on the body; ventrals 148-192; snbcandals
90-110 It. o.ri/r/it/nchus.

1. Rhamphiophis BUBROPUNCTATUS.

Dipsina rtihropunctata Fisch. Jahrb. Hamb. Wiss. Anst. i.

1884, p. 7, pi. i. fig. 3.

Rhamphiophis rubropunctatus Bouleng. t. c. p. 146.

Egyptian Soudan to Kilimanjaro.
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2. Rhamphiophis OXYRHYNCHUS.

Psammophis oxyrhynchus Reinh. Vicl. Selsk. Skiift. x. 1843,

p. 244, pi. i. figs. iO-'l2.

Rhamphiophis oxyrhynchus Bonleng. I.e.

Tropical Africa.

9. Dromophis.

Peters, Men. Berl. Ac. 1869, p. 447; Bouleng. Cat. Sn. iii.

p. 149.

1. Dromophis lineatus.

Dryophylax lineatus Dnm. & Bibr. Erp. Gen. vii. p. 1124.

Dromophis lineatus Bouleng. 1. c.

Coast of Guinea to Eastern Soudan, Centi-al Afn"c:i.

10. Psammophis.

Poie, Isis, 1827, p. 521 ; Bouleng. Cat. Sn. iii. p. 152.

Synopsis of the Species.

I. Scales in 17 rows, rarely 19.

Rostral a little broader than deep ; 9 (rarely 8 or 10) upper labials,

sixth short'^r than eye ; subcaudals 93-154 P. schnl-ari.

Rostral a little b'-oader than deep ; 9 (rarely 8) upper labials, sixth

(or fifth) as lon.^ as eye ; subcaudals 130-178 P. punctidatits.

Rostral as deep as broad ; 8 (rarely 9) upper labials; subcaudals

85-116 P- sibilans.

ir. Scales in 15 rows P. biseriatns.

III. Scales in 13 rows P. pvJcJier.

1. Psammophis schokari.

Coluber schokari Forsk. Descr. Anim. p. 14.

Psammophis schokari Bouleng. t. c. p. 157.

North Africa to Mauritania arid Somaliland ; Arabia and Syria

to Afghanistan and Sind.

2. Psammophis punctulatus Dura. &. Bibr. Erp. Gen. vii.

p. 897; Bouleng. t. c. p. 159.

East Africa, from the Blue Nile to Mozambique ; Arabia.

3. Psammophis sibilans.

Coluber sibilans Linn. S. N. i. p. 383.

Psammophis sibilans Bouleng. t. c. p. 161.

Tr-opical and South Africa, Egypt.

4. Psammophis biseriatus Peters, Sitzb. Ges. Nat. Fr. Berl.

'l881, p. 88; Bouleng. t. c. p. 168.

Somaliland and British East Africa.

Proc. Zool. Soc—1915, No. XLV. 45
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5, PsAMMOPHis PULCHER Bouleng, p. Z. S. 1895, p, 537, pi. xxx.

fig. 3, and t. c. p. 169,

Somaliland.

11. DiSPHOLIDUS.

Duvernoy, Ann. Sc. Nat. xxvi. 1832, p. 150; Bouleng. Cat,

Sn. iii. p. 186.

1. DiSPHOLIDUS TYPDS,

Bucephalus typus A. Smith, Zool. Journ, iv, 1829, p. 441.

Dispholidus typus Bouleng, t. c, p. 187,

Tropical and South Africa,

12. Thelotornis.

A, Smith, 111, Zool, S. Afr., Rept. ; Bouleng. Cat. Sn. iii.

p. 184,

1. Thelotornis kirtlandii.

Leptophis kirtlandii Hallow, Proc. Ac. Philad, 1844, p. 62.

Thelotornis kirtlandii Bouleng. t. c. p. 185.

Tropical and South Africa.

13. MiCRELAPS.

Boettg. Ber. Senckenb. Ges, 1879-80, p, 136; Bouleng, Cat.

Sn, iii, p. 248.

Two species :—

.S upper labials entering the eye; ventrals 171 M. vai7lfi7if:>

.

2 upper labials entering the e3'-e ; ventrals 203-232 ; 3f. hoettgeri.

1. MiCRELAPS VAILLANTI.

Elaposchema vaillanti Mocquard, Mem. Cent. Hoc. Philom.

1888, p. 123, pi. xii. fig. 1.

Micrelaps vaillanti Bouleng. t. c, p, 249.

Somaliland.

2, MiCRELAPS BOETTGERi Bouleng. Ann. Mus. Genova (2) xvii.

1896, p. 13.

Micrelaps nigriceps Sternf. Mitth. Zool, Mus, Berl. v. 1910,

p. 69,

Somaliland, Abyssinia.

14, Chilorhinophis,

Werner, Sitzb, Ak, Wien, cxvi. i. 1908, p. 1881.

1. Chilorhinophis butleri Werner, 1. c. pi. iii. fig. 8.

Egyptian Soudan,
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15. Brachyophis.

Mocquarcl, Mem. Cent. Soc. Philom. 1888, p. 125 ; Bouleng.

Cat. Sn. iii. p. 254.

1. Brachyophis revoili Mocquarfl, 1. c. pi. xi. fig. 3 ; Bouleng.

I.e.

Somalilanrl.

16. Aparallactus.

A. Smith, 111. Zool. S. Afr., Kept., App. d. 15 ; Bouleng. Cat.

Sn. iii. p. 255.

1. Aparallactus concolor.

UripxMs concolor Fiscli. Jahrb. Hamb. Wiss. Anst. i. 1884, p. 4,

pi. i. fig. 1.

Aparallactus concolor Bouleng. t. c. p. 257.

Lado, Uganda, Somaliland.

C. Proteroglypha.

(Loreal absent in all the genera.)

I. Tail compi-essed, oai'-shaped ; scales juxtaposed ; no ventrals

(Sea-snake) Si/drus.

II. Tail C3'lindrical ; scales imbricate ; ventrals large.

Head short, snout broader than long ; scales oblique, 17-25 across

middle of body, 21-29 across neck ; anal entire Na ia.

Head short, snout broader than long ; scales not oblique, 23 across

middle of bodj', 27 across neck ; anal divided WaUerinnesia.
Head long and narrow, snout not broader than long ; scales verj'

oblique, in 19 to 23 rows Dendraspis.

-^ 1. Hydrus.

Schneid. Hist. Amph. i. p. 233 ; Bouleng. Cat. Sn. iii. p. 266.

1. Hydrus platurus.

Anguis platibra Linn. S. N. i. p. 391.

Hydrus platvjrus Bouleng. t. c. p. 267.

Indian and Pacific Oceans ; E. Africa as far north as the

coast of Obok. *

2. Naia.

Laur. Syn. Rept. p. 90; Bouleng. Cat. Sn. iii. p. 372.

Two species :

—

Eye separated from the upper labials by suboculars ; 6th or 7th

upper labials largest and deepest N. liaie.

Third or third and fourth upper labials deepest and entering the eye. JV. nigricoJlis.

1, ISTaia haib.

Coluber haie Linn. S. N. i. p. 387.

Naia haie Bouleng. t. c. p. 374.

Borders of the Sahara, East Africa southwards to the Transvaal

and Zululand ; Arabia, Palestine.

45*
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2. ISTaia nigricollis Reinh. Yid. Selsk. Ski'ift. x. 1843, p. 269,

pi, iii. figs. 5-7; Bouleng. t. c. p. 378.

Senegambia and Upper Egypt to Becliuanaland and Natal.

3. Walterinnesia.

Lataste, Le Natur. 1887, p. 411 ; Bouleng. Cat. Sn. iii. p. 392.

1. WalteriNjSTESIa ^gyptia Lataste, 1. c. ; Bouleng. 1. c.

-Nubia? Egypt?

4. Dendraspis.

Schleg. Versl. Zool. Gen. Amsterd. 1848; Bouleng. Cat. Sn. iii.

p. 434.

Two species :

—

Second upper labial much deeper than first B. angusticeps.

Second upper labial not deeper than first I>. antinorii.

1. Dendraspis angusttceps.

Naia angusticeps A. Smith, 111. Zool. S. Afr., Rept. pi. Ixx.

Dendraspis angusticeps Bouleng. t. c. p. 437.

East and Central Africa, Angola, South Africa.

2. Dendraspis antinorii Peters, Mon. Berl. Ac. 1873, p. 411,

pi. i. fig. 2; Bouleng. 1. c.

Abyssinia.

Family V i p e r i d .ai:.

Synopsis of the Genera.

I. Eye moderate or largei' separated from the upper labials by suboculars.

A. Upper surface of head covered with large symmetrical

shields; loreal present
;
pupil round ; ventrals 120-155 . Causufi.

B. Upper surface of head covered with scales
;
pupil vertical ; scales strongly

keeled ; ventrals 130-205.

Lateral scales not smaller than dorsals, without serrated keels ; sub-

caudals in two rows Bitis.

Lateral scales smaller than dorsals, oblique, with serrated keels

;

subcaudals in two rows Cerastes.

Lateral scales smaller than dorsals, oblique, with serrated keels
;

subcaudals single JEchis.

II. Eye minute, with round pupil ; upper surface of head covered

with large symmetrical shields ; no loreal ; ventrals 212-245. Airaetaspis.

1. Causus.

AVagl. Syst. Amph. p. 172 ; Bouleng. Cat. Sn. iii. p. 465.

Two species :

—

Snout obtuse, moderately prominent; dorsal scales more or less

'
,

distinctly keeled .

:..'.
, C. rhomheatvs.

Snout prominent, more or less distinctly turned up at the- end;

scales smooth or ftiiiitlv keeled '....•.•...'...'..'...;.•.•...•.. C resiiilii.t^ .



SXAKES OF XORTH-EAST AFRICA. G57

1. Causus RHOMBEATUS.

Sepedon rhomheatus Licht. Yerz. Doubl. Mus. Berl. p. lOG.

Causus rhombeatas Bouleng. t. c. p. 467.

Ti'opical and South Africa.

2. Causus resimus.

lleterojjhis resimus Peters, Moii. Berl. Ac. 1862, p. 277, pi. —

,

fig. 4.

Catisus resimus Bouleng. t. c. p. 468.

Eastern Soudan, East and Central Africa, Angola.

2. Bms.

Gray, Zool. Miscell. p. 69 ; Bouleng. Cat. Sn. iii. p. 492.

1. BlTIS ARIETANS

Vipera arietaiis Merr. Tent. p. 152.

BitAs arietans Bouleng. t. c. p. 493.

'Tropical and South Africa; Southern Arabia.

3. Cerastes.

Wagl. Syst. Auipli. p. 178 ; Bouleng. Cat. Sn. iii. p. i)01.

1. Cerastes corxutus.

Coluber cornutus Linn, in Hasselq. Beise Palaest. p. 315.

Cerastes cornittus Bouleng. t. e. p. "502.

Soudan and borders of the Sahara, ; Arabia and Palestine.

4. EoHis.

Merr. Tent. p. 149 ; Bouleng. Cat. Sn. iii. p. 504.

Two species;—
Scales on snout and vertex more or less strongly keeled ; 2 (rare]}' 1

(H- 3) series of scales between eye and upper labials; ventrals

132-192 J?, carina/ us.

Scales on snout and vertex smooth or obtusely keeled ; 3 or 4 series

of scales between eye and upper labials ; ventrals 174-205 JE. eolorahis.

1. ECHIS CARIXATUS,

Fseucloboa carinata Schneid. Hist. Amph. ii. p. 285.

Echis carlnatus Bouleng. t. c. p. 505.

Desert and sandy districts of Africa north of the Equator

;

Southern Asia, from Transcaspia and Arabia to India.

2. EcHis coLORATUS Giuith. P. Z. S. 1878, p. 978 ; Bouleng. t. c.

p. 507, pi. XXV. fig. 1.

Egypt, Socotra, Arabia, Palestine.
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5. Atractaspis.

A. Saiith, 111. Zool. S. Afr., Rept. ; Bouleng. Cat. Sn. iii.

p. 510.

Spiopsis of the /Species.

I. Anal divided ; subcaudals paired ; 4tli upper labial entering

^

the eye; scales in 19 rows A. enqdaliUi.

', II. Anal entire ; subcaudals all or mostly sing-le.

4tli upper labial entering- the eye; a single large anterior

temporal; scales in 31 rows A. philUpsi.
3rd and 4tli upper labials- entering the eye ; temporals small;
i scales in 23 rows A.leuconielas.
prd and 4th upper labials entering the eye ; temporals small

;

I

scales ill 29 to 37 rows A. microlepidota.

1. Atractaspis engdahlii Lonnb. & Anderss. Ark. f. Zool. viii.

1913, no. 20, p. 5.

Somaliland.

2. Atractaspis phillipsi Barbour, Proc. Biol. Soc. Washingt.
1913, p. 148.

Sennar.

3. Atractaspis leucomelas Bouleng. Ann. Mus. Geneva (2) xv.

1895, p. 16, pi. iv. fig. 2, and Cat, Sn. iii. p. 51 7„

Somaliland.

4. Atractaspis microlepidota Giinth. Ann. & Mag. N. H. (3)
xviii. 1866. p. 29, pi. vii. fig. 3 ; Bouleng. t. c. p. 517.

Egyptian Soudan, East and Central Africa.
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47. Descriptions of a new Amjyhishrena and a new Snake

discovered by Dr. H. Gr. F. Spurrell in Southern

Colombia. By G. A. Boulenger, F.R.S., F.Z.S. *

[Received October 29, 1915 : Read November 23, 1915.]

(Text-figures 1 & 2.)

Amphisb^na spurrelli, sp. n. (Text-fig. 1.)

Snout rounded, prominent. Rostral rather small, triangular,

just visible from above ; nasals forming a suture ; a pair of

Text-figure 1.

T
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prsefrontaLs, the largest head-shields, the suture between them
once and a half to once and two-thirds as long as that between
the nasals and slightly longer than that between the frontals,

which are much smaller and a little longer than broad *
;

a pair of small occipitals ; eye distinguishable under the ocular,

which is situated between the prtefrontal and the second and
third upper labials and followed by two superposed postoculars ;

four upper labials, fourth small, second very large ; symphysial
trapezoid, the sides slightly concave, followed by a longer chin-

shield ; four lower labials, second largest. 213 or 214 annuli on
the body, 21 to 23 on the tail ; an annulus in the middle of the
body contains 34 or 36 segments, 16 or 18 dorsal and 18 ventral,

the dorsals at least twice as long as broad, the median ventrals

once and a half to twice as broad as long
; the dorsal segments on

the distal half of the tail tubercular or subconical. Lateral line

very distinct. 6 anal segments. 4 prseanal pores. Whitish,

each dorsal segment with an oval or squarish purplish-brown

spot.

Length to vent 320 mm. ; tail 28 ; diameter of body 10.

Two specimens from Anda Goya, at the junction of the E.
Condoto and 8an Juan.

Distinguished from A. dcm-ivini D. & B. by the broader ven-

tral segments and the tubercular segments on the tail.

Herpbtodryas vicinus, sp. n. (Text-fig, 2.)

Eye large, as long as the snout. Rostral once and one-third

as broad as deep, iust visible from above ; intei-nasals a little

broader than long, a little shorter than the pi'a?frontals ; frontal

Text-tiii'ure "2.

Herpetodryas vicinus. Side view of head.

once and a half as long as broad, longer than its distance from

the end of the snout, slightly shorter than the parietals ; loreal

as long as deep ; one praj- and two postoculars; temporals 2-|-2
;

nine upper labials, fourth, fifth, and sixth entering the eye;

five lower labials in contact with the anterior chin-shields, which
are shorter than the posterior. Scales in 10 rows, all smooth or

the vertebral pair very faintly keeled ; scales gradually decreas-

ing in size towards the ventrals, the largest not half the size of

the parietal shields. Yentrals not angulate laterall}^ 163 ; anal

* In tlic specimen ligured the left frontal has fused with the left occipital.
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divided ; subcaudals 149. Reddish brown above, anterior two-
thirds of body with darker lines on the borders of the scales,

forming faint cross-bands terminating in a spot on the outer
series of scales ; a series of irregular yellow spots or streaks along
the vertebral line

;
posterior part of body and tail uniform brown

with darker edges to the scales ; a round blackish spot on each
parietal shield ; a short black streak behind the eye above the
lip v/hich is white, some of the shields finely black-edged ; belly

white in front, brownish behind ; a dark streak along the tail at

the junction of the subcaudal shields.

Total length 490 mm. ; tail 190.

A single young specimen, also from Anda Goya.
Closely allied to H.fuscus L. Distinguished by the number of

temporals (2-f 2 instead of 1 + 1), the greater extent to which
the fourth uj^per labial borders the eye, the divided anal, and
the more numerous subcaudals.
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48. The Distribution o£ Secondary Sexual Characters

amongst Birds, with relation to their Liability to

the Attack o£ Enemies. By J. C. Mottram,
M.B.(Lond.)*.

[Received June 25, 1915 : Read November 9, 1915.]
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This paper endeavours to show that there is a correlation

between extra-sexual dimorphism among birds and their vulner-
ability to enemies. No attempt is made to account for this

correlation. However, in the light of this correlation, the more
important theories which have been put forward to account for

the presence of secondary sexual characters are briefly con-
sidered.

Collection of Material.

In collecting material for classification, works were selected in
which many facts were collected on broad lines and with no
particular object in view. References are given for all the
material used. The work from which by far the most material
was taken is ' The World's Birds/ by F. Finn. This is a small
volume, in which the families are briefly described in a syste-

matic manner under the headings—^diagnosis, size, form, plumage,
young, nest, eggs, incubation, courtshijj, food, gait, flight, notes,

disposition and habits, economic qualities, captivity and dis-

tribution. A wealth of reliable information is here laid down
in a condensed manner, and is, therefore, at once available for
classification.

Apart from this work, descriptive monographs have been
chiefly consulted. Only families coiataining more than ten
species are considered, as it was thought that a lesser number
could not give a reliable picture of the characters of a family.

In oi^der to escape any misunderstanding, the factors to be
correlated must first be clearly defined. A species is said to
show extra-sexual dimorphism when there is a difference between
the somatic characters of male and female. Attention is usually
directed to differences in form and colour, but it must be remem-
bered that almost any chai-acter may show a difference. It is by
no means uncommon to find birds in which the form and colour-
ing of the sexes are identical, but it is quite rare to observe birds

* Communicated by the Seceetakt.
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the males and females of which are entirely alike in every respect
apart from their sexual and reproductive organs. Many, in
describing the Song-Thrush, remark "sexes alike," forgetting
the male's song ; nevertheless, it is necessary in a consideration
of this kind to accept the classifications of others.

Yulnerability to enemies is essentially a relative term. Un-
fortunately a classification of birds according to their vulnerability
to enemies has not been found. It follows "that this subject must
be considered in detail.

Birds are subject to attack from the air by hawks, whilst
feeding in trees from carnivorous mammals and reptiles, and
when on the ground from all three. It follows that birds
entirely aerial are more free from enemies than are arboreal or
terrestrial ones, and birds entirely arboreal more free tha.ii

terrestrial. All birds, with very few exceptions, are to some
extent aerial. Sea-birds must be almost as free from enemies as
aerial birds, as there is little evidence that they are preyed upon
by any aquatic animals ; and of sea-birds, the oceanic ones must
be especially free from enemies, as liawks are not found far from
land. The following table, compiled from Finn's ' World's Birds '

(see Table I.), sets out the families from this point of view, and
shows that birds relatively free from enemies present little

sexual diflterence, whereas those presenting great sexual differ-

ences are only to be found amongst terrestrial and arboreal
birds.

Table I,
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The subject may be approacliecl from otlier points of view.

Many birds are more or less free from enemies on account

of possessing powerful weapons of defence— either beaks,

talons, wings (e. g., swans), or legs (e. g., cassowaries). Sexual

dimorphism should be less commonly found among these birds

than among birds in general ; and such is the case, as shown

in Table II., only hornbills and toucans being to some extent

Table II.
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a severe bite can only be given when the finger is seized far back

in the bill : at the tip the leverage against the jaw-muscles must

be very great, and, unlike most long bills, they are unsuitable for

stabbing.

Table III.
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and should, therefore, present little secondary sexual differ-

entiation. This is shown to be the case in Table lY. In this

Table TV.
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alike, and perhaps the duck might be considered to he a non-
diver, but E. C. Stuart Baker in ' Indian Ducks ' says " it is a
most expert diver."

The Marbled Duck [Marmaronetta angustirostris) forms a like

exception, but has unusual habits, which to a large extent
protect it from enemies. It never goes ashore ; it remains
nearly always in rushes. The Andaman Teal {Nettion alhigulare)

is another, but this bird is an insular species and is said to be
entirely nocturnal.

However, examples more difficult to account for are to be
found

; for instance, the Whistling Ducks {Dendrocygna). These
birds have arboreal habits, and at a sign of danger take to the
trees. On the whole, therefore, although at first sight appa-
rently serious exceptions, on more detailed examination ducks
are found to fall into line with the rule that diving-birds exhibit

less secondary sexual difierences than non-divers.

Very few, if any, birds can entirely escape from hawks by
means of rapid flight (arboreal birds are to some extent free

from their attacks). Two of the favourite quarries of the
Eastern hawkers are teal and sand-grovise, among the most i-apid

fliers. There ai-e, however, a few birds which are able by
,

means of skilful dodging to evade the attacks of hawks—for

instance, the hoopoe, of which Finn says " it is easily able to

escape from hawks."

Table VI.
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Birds may avoid enemies in other ways ; there is little doubt
but that ill-flavour plays a part. Under the heading " Economic
Qualities," Finn, in the 'World's Birds,' mentions those birds

which form food for man, and this to some extent will separate

the well-flavoured from the ill-flavoured. This material is set

out in Table YI., which shows that secondary sexual dimoi-phism
is especially to be found among table-birds.

Birds may .also be said to avoid enemies by protective color-

ation. However, it is not possible to examine this aspect statis-

tically, because protective coloration often forms a part of sex

dimorphism, the female presenting this coloration and the male
not doing so. This is in itself, however, evidence that sex

dimorphism is in some way related to enemies.

Size.—Upon size must depend to some extent a species' vulner-

ability to enemies. Lai-ge birds are only open to the attack of

large carnivorous animals, whereas small birds are preyed upon
by both small and large. Large birds should, therefore, show
less secondary sexual dimorphism than medium-sized birds, and
these less than birds of small size. Finn describes the size of

birds by comparing them with well-known English ones—for

instance, of parrots he says "less than tit to that of an ordinary

fowl," of hornbills " from that of a hen turkey to that of a

pigeon." Birds thus used in description may be classified

into large, medium, and small, and, with this as a measure.
Table YII. has been compiled. Parrots would fall, therefore,

into all three columns, and hornbills into medium and lai'ge.

Table VII.

_ Large. Medium-sized.



670 DR. J. C. MOTTRAM ON SECONDARY

The table shows that 15 per cent, of large birds, 17 per cent,

of medium, and 15 per cent, of small often present sex differences.

In this respect there is little difi'erence, but of large birds

55 per cent., of medium-sized 43 per cent., of small 33 per cent,

present no sex difference. Examination horizontally also shows
that large birds less often present secondary sexual dimorphism
than the medium-sized or small birds.

Instead of studying birds as a whole, certain families, chosen

at random, have been examined by themselves with respect to

the question of size. In barbets, jacamars, puff-birds, wood-
peckers, and toucans the Tables III. and VIII. show that the

smaller species present the most secondary sexual dimorphism.
In bomb ills and kingfishers, however, this association is not

found, though the reverse does not hold.

Other families show the effect of size without any detailed

analysis; for instance, in the Anatidfe swans and geese present

little or no sex difference, and in the Falconida? it is only the

smaller species which show any sex difference.

On the whole, theiefore, the consideration of size appears to

support the thesis.

Table VIII.
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Table IX.
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Song, another secondary sexual character, was also treated in

the same way, and clearly substantiates the former finding, as is

shown in Table XI.

Table XI.
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the case of passerine birds, powerful species are only to be found

amongst those showing no sex dimorphism, e. g., crows, drongoes,

shrikes. Swallows, which are aerial birds, present little or no
sex dimorphism,
The classification of sexual dimorphism chosen for analysis

refers almost entirely to sexual dimorphism of colour ; neverthe-

less, it will be advantageous to consider briefly other secondary
sexual differences—song and precopulator}^ displays.

As regards song, this character is frequently to be found in

birds presenting no sex difl:erences in colour and form, but which,

nevertheless, do not appear to be especially free from the attack

of enemies—for instance, among warblers, American warblers,

wrens, cuckoos, larks, pigeons ; whilst among birds not lia.ble to

attack, song-birds are very uncommon, if not entirely absent.

It thus appears that this dimorphic character is coi-related to

vulnerability to enemies, and accounts for some of those cases

of birds presenting little or no sexual dimorphism of form or

colour, but which are yet liaV)le to the attack of enemies.

Prexoj)ulatory displays^ or the displays of courtship, is another
secondary sexual character open to investigation. Here, again,

birds showing little or no display are birds not liable to attack,

whereas birds showing great display are especially liable to attack.

In the 'World's Birds,' under the heading "Courtship," sexual

displays are briefly described in 25 of the 50 families under con-

sideration. In the case of 19 of the 25 the usual actions aie

described : against diurnal birds of prey there is the remark
" never seen the disjDlay," divers " said to be on the wing,"

horn bills " little known "; whilst against bustards "very elaborate,"

game-birds " elaborate," cranes " verj'' elaborate." Ci'anes, then,

form an exception, for they possess weapons of defence. Never-

theless, certain factors might lead one to suspect that they

are not entirely free from attack ; they are terrestrial birds, they

are excellent-eating (their food being mostly vegetables, seeds,

etc.), and in the East they are a favourite quarry of the hawker
;

they are also usually not sociable during the breeding-season,

and, lastly, in most species both sexes take equal part in the

displays, so that in truth they do not present secondary sexual

dimorphism in this respect.

It is very fortunate that cranes needed this detailed consideia-

tion at the end of the examination, which has covered a great

deal of material, as it is easy to draw attention to the fact that

this is almost the only occasion (ducks also) when such treatment

became necessary.

Summing up, it may be said that for certain reasons—namely,

because of aerial, aquatic, and oceanic habits, possession of defen-

sive and offensive weapons, of diving-habits, of ill-flavour to man,
of large size, of insular habitat, of social disposition, of carni-

vorous habits—certain birds must be relatively free from the

attacks of enemies ; and it has been shown that these bii-ds

present less secondary sexual dimorphism than birds which for
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other reasons—namely, possession of terrestrial and arboreal

habits, of no defensive weapons, of non-diving habits, of no ill-

flavour to man, of small size, of continental habitat, of solitary

disposition, and of non-carnivorous habits—have been considered

to be relatively liable to the attack of enemies. These two
factors thus appear to be correlated, but it is obvious that, though
great sexual dimorphism is only to be found amongst birds liable

to attack, nevertheless the converse does not hold, for some
birds which do not appear to possess any special characters

which would protect them from atta,ck, none the less fail to

present any secondary sexual dimorphism, e.g. ibises, mound-
birds, mouse-birds, rollei'S, barbets, and coursers.

Conclusions may be briefly stated :

—

(1) Among birds specially liable to the attack of enemies,

secondary sexual dimorphism is chiefly to be observed.

(2) Among birds not specially liable to attack of enemies,

secondary sexual dimorphism is i-arely found.

(3) In both cases, birds presenting no sexual differences are

repi'esented , but much more commonl}^ in bii'ds more or

less free from attack of enemies.

Having come to these conclusions, it will not be out of place

to examine briefly the more important theories put forward to

account for secondary sexiial dimoi'phism, in order to discover

whether any of them be substantiated or not.

Exuberance of Vital Energy in Males.—Wallace, in ' Tropical

Nature,' believed that natural selection could account for second-

ary sexual dimorphism, by supposing that only the strongest and
most virile males gained mates, and that these mates thus came
to possess an excess of vital energy which became manifest in

bright plumes, etc. If this be so, it is difficult to see the reason

Avhy birds vulnei'al)le to enemies should be specially picked out.

One would think that it would be dangerous for these birds to

make themselves thus conspicuous, and would have anticipated

that birds not liable to attack could have done so with more
impunity.

Sexual Selection (D-a^vwin., 'Tfescent of Man').—The argument
used above applies similarly against Darwin's theory, which in

no way can account for the correlation under examination. One
would have thought that female selection would have had fi'eer

play among birds more or less free from enemies than among
birds frequently subiect to their attack.

Nesting-Habits Theory (Wallace and othei's).—It has been noted

that birds liable to the attack of enemies, and making open nests,

more frequently present secondary sexual dimoiphism than birds

making closed nests. If, however, birds liable to the attack of

enemies more often present secondary sexual dimorphism than
birds in general, then it follows that birds making open nests,

and also liable to the attack of enemies, must do likewise.

It is thus obviously necessarv to decide which is the more
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important coi-relating factor—vulnerability to enemies or open-

nesting habits. Table XIII. deals with birds making open nests

and in no way helps to decide the point ; coui'sers, ibises, mouse-

birds, tinamous, touracous, pigeons, rails, shore-birds, according

to the " nesting-habit hypothesis," should present sex dimorphism,

but they also fail to fall into line with the other correlation.

Table XIII. (Open-nesting birds.)

Not especially liable to attack.
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mentioned tliat the Australian warblers (Malui'idfie) present great
sex difference (the males are amongst the most brilliant of birds),

and yet they make closed nests. They are small defenceless
birds, and so they not only form exceiations to the open-nesting
theory, but support the correlation under consideration.

Table XV. (Nesting-habits.)



SEXUAL CHARACTERS IX BIRDS. 677

why some birds present great extra-sexual cliffereBce and others

little or none. The conclusions arrived at in this paper do not
appear to be explicable on this theory ; there seems to be no
reason, for instance, why birds especially subject to the attack of

enemies should be more katabolic than birds not especially so

subject.

The Mewhlian Theories.—Althougli the followers of Mendel
have carried out very important investigations with regard to

secondary sexual cliaracters, as far as I am aware, they have
made no attempt to account for the distribution of these charac-

ters in the animal kingdom.
The Hormone Theory (' Archiv f iir Entwicklungsraechanik,'

1908), J. T. Cunningham.—According to this theory, secondary
sexual chai-acters become established in the following manner :

—

As a result of certain mechanical and functional stimuli, conlined,

for instance, to the male, certain organs of the male take on new
characters : these are acquired characters. During their pro-

duction a specific hormone is produced, which stimulates the
corresponding determinant in the gametes and alters them in

such fashion that, during development, they reproduce the
acquired character ; but it also alters them in another diiection

—

it implants in them an ability to reproduce the acquired character

only in the presence of the male sexual hormone, In the absence
of the male sexual hormone, the character cannot develop : for

instance, if a stag be castrated the antlers cannot develop on
account of the absence of the male hormone—the character

i-emains dormant. Obviously the material here dealt with
applies only to the first part of the theory, that dealing with
mechanical and functional stimuli.

In the case of birds the functional stimuli, which call forth the

bright plumes of the males, are those associated with the display

of these ornaments during courtship, "the tail of the peacock

became brilliant and hyjoertrophied because it had been con-

stantly erected." The stimulus calling upon the male to display

seems, therefore, to be the deciding factor. Thus in order to

support this theory, it would be necessary to show that the males
of birds subject to enemies suffer more from such stimuli than
do those birds relativelj' not liable to be attacked.

Finally, it is necessary to point to the importance of the

correlation luider consideration with respect to the possibility of

it being able to account for the presence of secondary sexual

characters.

The activities of animals fall under three headings ;

—

(1) Those associated with the procuring of food.

(2) ,, ,,
escape from enemies.

(3) ,, ,,
reproduction.

It has usually been thought that the sexes bear the same
relation to the environment as regards the procuring of food and
the escape from enemies ; and therefore to account for secoiulary
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sexual characters, search has always been made in the repro-
ductive environment. But the correlation between secondary-

sexual dimorphism and vulnerability to enemies indicates that a
solution to the problem may possibly be found to be related to

the activities associated with the escape from enemies, and
especially if it could be show^n that the sexes do not bear the
same relation to the environment as regards escape from enemies.
The author has attempted to show elsewhere (' Controlled

Natural Selection,' 1914) the lines along which solution may
possibly lie.

Reference List of Birds.

Jacamars (Galbiilidse).

Kingfishers (Alcedinidie),

Motmots (Momotida?)-
Mouiid-birds (Megapodiidfe).
Mouse-birds (Coliidse).

Nig'htjars (Caprimulgidss)

.

Owls (Strigidfe).

Parrots (Psittacidse).

Passerine Birds (Passeridie).

Penguins (Spheniscidaj).

Petrels (Procellariidre).
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Putf-birds (Biiceonida^).

Rails (Rallidffi).

Rollers (Coraciidse).

Sand-Grouse (Petroclidse).

Shore-birds (Charadriidas)
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Storks (Ciconiidse).

Swifts (CypselidEe).

Thick-knees (Gildicnemida;).

Tinamous (Tinamidfe).

Toucans (Rhamphastida?).
Touracous (MusophagidtF).
Trogons (Trogonidfe).

Woodpeckers (Picidse).
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49. Some Observations on Pattern-Blending with reference

to Obliterative Shadinor and Concealment of Outline.

By J. C. MoTTRAM, M.B. (Lond.) *.
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This paper endeavours to show that the patterns found on

animals may in many cases be of use in concealment after they

have become blended with distance, and that the patterns of

many animals are not intended to represent pictures of their

backgrounds, but are aids to concealment only after blending.

Distance at which Blending takes Place.

If a surface of black and white squares or of black and white

lines, or black and white spotted surfaces be examined from suc-

cessively increasing distances, a point will be reached where the

Text-figure 1.

Side ofsquare andsmall side ofstripes in millimetres.

12 3 4- 8 '6,

Diagi-am showing blending distances. Experimental conditions as in text-fig. 5, 1.

pattern can no longer be seen but is replaced by an even grey tone.

The distance at which this change takes place was found to depend

on the size of the black and white areas. The diagram (text-

fig. 1) indicates the distances at which blending takes place in

* Communicated by the Secretaet.
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the case of alternate black and white squares and stripes under
the experimental conditions stated.

Further experiments showed that the blending distance of
different shapes depends upon the relative concentration of the
black and white areas, the more concentrated the greater the
blending distance. If, for instance, a checkered surface composed
of squares of 2 square millimetres be compared with a surface
composed of black and white oblongs of 1 multiplied by 4 mm. or
•5 multiplied by 8 mm. or "025 by 16 mm., as regards the blending
distance, it will be found that the distance is greatest for the
squai^es and least for the narrowest oblongs. On comparing
squares with other figures in this respect, for instance, with circles

or triangles, it was found that the blending distance was related
to the concentration of the various shapes.

The Surface lohich Results after Blending.

If a patterned surface of black and white be gradually
approached from a distance, the surface which at first appeared
of a perfectly even grey tone will, at a certain point, become gran-
ular, and a very short distance in front of this the pattern will
suddenly shine forth clear and defined.

By varying the relative proportion of black to white in the
pattern, all tones of grey can be produced when the pattern is

blended. It is thus possible to match a given grey surface by
means of blnck and white pattern, and also possible to reproduce
a, graded surface of grey : text-fig. 3, i, shows without any de-
scription how this can be done. If these copies of greys with
patterns be fixed to solid figures such as a cylinder and be then
examined, it will be found that after blending, the copies are
undisturbed. It follows that the obliterative shading so com-
monly seen on animals and consisting of low tones where the
light strikes, high tones in the shadows, and intermediate tones
between the two, could be reproduced by means of pattern.
Search has therefore been made amongst animals to discover
whether this method exists.

Some Examples of Animals tvhich appear to shoiv Obliterative

Shading hy meoMS of Pattern-Blending.

Grant's Zebra (^Equvs burchelli granti).— This animal's cent is

coloured black and white, black stripes on a white background :

the background, unlike that of the vast majority of animals, pre-
sents no obliterative shading, it has the same tone throughout

;

the stripes are somewhat dai'ker on the back than they are below.
On referring to text-fig. 2. o, it can be seen that on the dorsal

sui-face of the animal and on those parts of the body where the
light strikes, the stripes are broad, whereas on those parts which
luider natural conditions w^ould be in shadow, the stripes are
narrow : further, on those areas which would be more or less
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evenly lit, as for instance the vertical surfaces of the legs and

sides of the face, the stripes maintain a more or less constant

width. From what has been observed under experimental

conditions as regards pattern-blending, it is obvious that, if one

considers only the trunk of this animal, the varying widths of

the stripes after blending must produce a condition of grey

similar exactly to obliterative shading as seen, for instance, in

the ass.

Text-figure 2.

*r

1. Grant's Zebra {JSquus burcheUl c/ranti), hind view.

2. The same view : stripes omitted : showing chief shadows under top lighting.

3. Lateral view of same animal.

4. Hind view of base ot tail, showing pattern.

5. Tlind view of base of tail, pattern omitted, showing shading as in 2.

a. Hind view of Tiger {Felis tiyris), showing pattern.

7. Front view of Grant's Zebra, showing pattern.

Amongst big-game hnnteis there is a diflerence of opinion as

to whether this animal is easily seen or not, under natural con-
ditions. It appears that this difference of opinion is largely dvie

to the district in which the hunter has observed these animals.

In some districts the zebra is relatively tame and the hunter
can frequently approach to within the blending distance of the
pattern, which has been variously estimated, according to the
lighting : under these conditions the zebra will of course appear
a very conspicuous animal. On the other hand, in those distiicts

Avhere near approach cannot be gained on account of the open
nature of the country or wildness of the animal, the hunter Avill
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look upon the zebra as one of the most difficult wild animals to
pick up.

^

Of the zebras, E. burchelli presents between the stripes con-
siderable obliterative shading, as well as faint stripes of buflf.

E. grevyi also has some obliterative shading, E. zebra very little,

and E. burchelli granti none at all. Complete absence is, however,
not uncommonly seen in all the species.

Thayer, in ' Concealing Coloration in the Animal Kingdom,'
looks upon the striped coat of this animal as an obliterative
picture-pattern of rank grasses and tree-stems : it is noteworthy
that he makes no mention of the absence of obliterative shading,
which he elsewhere insists always forms the canvas for picture-
painting. If, however, examination be made of the pattern to
be seen on viewing a zebra from behind (see text-fig. 2, 1.), it is

at once evident that this does not represent a picture-painting of
reeds, herbage or trees. On the other hand, it illustrates in a
remarkable way obliterative shading by means of pattern. Text-
fig. 2, 2, is a modelled drawing of the same view with the stripes
omitted, the lighting being from above, and shows the major
shadows which are cast. On comparing these two figures it can
be seen that in the high lights, the stripes are broad, and that as
one passes into the shadows, they fade away : where the high
light strikes the hocks the bands are broad, whereas below the
hocks where the leg is in the shadovp, the stripes are narrow.
The striping on the tail even falls into line, as shown in text-
fig. 2, 4, 5._

The Guineafowl {Numida meleagris).—This bird illustrates
obliterative shading by means of white spots on an even blue-grey
background (text-fig. 3, 1, bottom right-hand square). On the
back the white spots are small, but become larger as one
passes to the ventral aspect, where they are four times the
diameter of those on the back. In some species the wings are
covered with a series of short white bars, narrow on the back
and broader below, as the wing lies covering the body during
rest. These markings on the bird blend at a comparatively
short distance ; within the blending distance the bh'd appears
conspicuous, beyond, difficult to see. The bird lives in open
countr}^, and there does not appear to be anything in its surround-
ings which this pattern emulates.

The Cheetah {Gyncelurus jubatus).—The pattern, as shown in
text-fig. 3, 1, bottom left-hand square, consists of Mack spots on
a pale fawn background : the background presents either no
obliterative shading or very slight ; the spots are close together
on the back, gi-adually becoming more distant towards the ven-
tral surface, which is hidden b}' a fringe of long hairs pr-ojecting
downwards from the flank.

The Serval {Felis served) jDresents a similar pattern to the
Cheetah except that in the dorsal region, spots are replaced by
short bars. This kind of pattern is commonly seen in the
Civets.
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The Jaguar (Felts oiica).—Here the pattern is laid on a back-
ground presenting very little oblitei-ative shading : on the back
are closely placed black spots ; as the ventral surface is approached
the spots are seen to contain a central light brown area which
gi-adually increases in size, whilst the surrounding dark ring
diminishes and on the ventral surface becomes broken up into a
number of separate spots irregularly arranged around the central

area. This central area is always somewhat darker than the
background and usually contains a small central black spot.

Viewed as a whole this rather complicated pattern (see text-tig.

3, 17) shows a decreasing quantity of black from above, down-
wards, and when blended at distance will produce a graded tone
similar to obliterative shading. A similar pattern is found in the

Ocelot [F. pardcdis) and in several varieties of the Leopard, where
it is often associated with an entire absence of obliterative

shading.

These patterns found in the genus Felis have been considered

to be picture-paintings of a checkered background, for instance,

leaf-shadows on bare ground ; but the extreme regularity of these

patterns is so unlike the very irregular nature of such backgrounds
and so unlike the patterns which undoubtedly do simulate these

backgrounds, that this deduction does not appear to be well

founded ; especially as these patterns blend at a comparatively
shoi't distance, probably within the charging length of the cat :

and lastly, several of these animals inhabit open country.

However, apart from this consideration, the facts remain that

these patterns will produce after blending obliterative shading,

which is otherwise not presented ; and these patterns must in this

respect be powerful aids in concealment.

Sufficient examples have now been given to illustrate that this

method of concealment is by no means uncommonly utilised.

Black and white has been chiefly dealt with, but any colour can
be produced by the blending of patterns consisting of two or

more colours : examples of this are not difficult to find, for

instance brown is often produced by the blending of buflf and
black.

Experiments were carried out to discover whether this method
of coloration had any advantage over an unpatterned one. If a
grey disc be examined in front of a series of backgrounds varying
from black to white, a particular background will be found against

which the grey disc is invisible, this being of course that back-

ground which is of an exactly similar tone to the disc : against

the other backgrounds the disc will be visible at varying dis-

tances. If the results so obtained be compared with those obtained

when a disc of black and white squares, which after blending

produce the same tone of grey as the original disc, is substituted,

it is found that the checkered disc possesses no advantage a.s

regards the distances at which it can be seen, over the plain disc.

There is, however, an exception : against the background on which
the plain disc is invisible, the checkered disc is of course visible
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within blending distance, and against backgrounds closely similar

to this background the checkered disc is at a disadvantage as

regards invisibility. Over a long series of experiments there was
some indication that against other backgrounds the checkei'ed disc

was slightly less visible, the measure being the greatest distance

at which the discs could be seen ; but although great care was
taken with the constants of the experiment, the differences were
too small and the experimental error too large, to justify a definite

conclusion, particularly as the appearance of the checkered disc

after blending was remarkably difierent from that of the plain

disc. When the plain disc was visible, its outline was seen to be
sharp, so tliat its shape could easily be recognised, but with the

Text-fiofure 3.

^ 'i I 5

7

'"9 O
O O .

DO 10.

// :l

Examples of obliterative shading by means of pattern-blending

checkered disc the outline was remarkably indistinct, so that

it was frequently impossible to tell whether a square, circle

or equilatei'al triangle had been placed against the background.

Experiments were carried out in order to determine the factors

controlling this obscuring of form. Four squares were prepared

as shown in text-fig. 3, 2-5 : as can be seen, these squares consist

of black and white areas of equal proportions. In fig. 3 the areas

are interrupted along the two opposite margins, in fig. Jf along

the two adjacent margins, in fig. 5 along all four edges, and in

fig. 5 there is no iuteri-uption at the margins. These squares

.

were examined under difierent conditions of liiiiitinii- and against
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different toned backgrounds, and it was found that on all occa-

sions marginal indistinctness after pattern-blending occurred
where the black and white areas were interrupted at the edges ;

for instance, fig. 2 appeared as a grey square whilst fig. 5 showed
an ill-detined grey area fading into the background. It was
noted that when tlie background was near in tone to the squares
after blending of the pattern, this obscuring effect was most
marked : when the background was far removed in tone, for

instance was black, or white, very little obscuring was noticeable.

Other experiments showed that the greater the width of the
black and white areas passing out at the margin, the greater the
obscuring effect after pattern-blending.

One is now in a position to conclude that the method of

obliterative shading by pattern-blending, as seen for instance in

the Zebra, if it does not possess an advantage over the usual
method as regards visibility, as measured by the distance at which
the object is visible, nevertheless would seem to have a decided
advantage in that the contour or silhouette of the animal against

backgrounds approaching it in similarity, is made blurred rather
than sharp. It is noteworthy that the stripes of the Zebra
everywhere pass out at the margins (see text-fig. "l^ 1, 3, and 7).

Referring to the possibility of the Zebra's stripes being
pictures of reeds in high light and shadow, as has been suggested
by Thayer, it is noteworthy that the black stripes decrease in

breadth from above, down, which is contrary to expectation and
to what actually is found among other animals. Thayer has
pointed out that the markings on the backs of animals are
usuall}^ smaller than those on the ventral aspect, because they
represent objects in the landscape more distant : they depict the
foreshortening of the ground. If reeds are painted on the zebra's

back, one would at lenst have expected the stripes to be of equal

width.

The Tiger presents an excellent example of reed-painting : on a

coat showing Well-marked obliterative shading, dark stripes are

to be seen, they are irregularly distributed, they for the most
part increase in width from above, down, and on the belly

they terminate in a large dark mass ^vhich, curiously enough,
often shows a small white centre (compare text-fig. 2, 1 with text-

fig. 2, 6).

Examples of outline-masking by means of pattei'n-blending at

the margins are very commonly seen amongst Lepidoptera, but
liefore considering instances, some experiments must be referred

to. If one takes two flat surfaces, one an even dark grey and
the other an even light grey, and brings them in apposition as

shown in text^fig. 3, 6^ the junction will appear sharp, no matter
how viewed. If now, at the junction a na.rrow band of black

and white squares, which after blending will have the same tone

as the light square, be interposed, see text-fig. 3, 6, it will be

found that the junction no longer remains sharp ; if the outer

square be replaced by areas of different tones varying from light

Paoc. ZooL. Soc— 1915, No. XLYII. 47
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grey to very dark grey, the same result will be seen. It is easy

to see that, supposing the central square was an insect and that

the different tones placed outside were the various backgrounds

against which it would be likely to be seen, then the possession

of a checkered margin would be a great aid towards its con-

cealment.

To further test this property of an interrupted margin, squares

were made as shown in text-fig. 3, 7-10 : these squares were

made so that after pattern-blending they all appeared of the

same tone. They were examined against a series of backgrounds

and it M'as found that, whereas 10 remained for the most part

sharp, the others showed blurred outlines ; the blurring effect in

the case of square 7 was not appreciably different from that of

8 and 9. It appears therefore that a comparatively narrow

broken margin is effective.

Text-figure 4.

Examples of marginal pat-terns : F=fringe of scales projecting from wing-margin.

1. Dingy Skipper, Hesperia tayes $ , dorsal surface of anterior wing.

2. Grizzled Skipper, S. malvce $ , dorsal surface of anterior wing : pattern con-

iined to fringe.

3. Common Bine, Li/eana icarus c?, ventral surface of anterior wing : pattern of

marginal e.ye-spots.

4. Chiilk-hill Blue, i. cori/don ? , dorsal surface of anterior wing : pattern chiefly

confined to fringe.

5. Painted Lady, Fyrameis cardui, dorsal surface of posterior wing.

6'. Long-tailed Blue, L. hwtica, ventral surface of posterior wing : pattern at some

distance from margin.

A few examples of this mode of concealment are given in

text-fig. 4 : it may be mentioned that outline-masking in insects is
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also brought about by scalloping of the margin and by a fringing
of projecting scales ; other methods axe utilised, but these two are
specially mentioned as they enter the chosen examples.

Examination of the wings of insects showed that this marginal
pattern is often a short distance from the extreme edge ; expei'i-

ments were therefore carried out to discover at what distance

the marginal pattern would be effective. A grey square (text-

fig. 3, 6) was examined against vaiying backgrounds with the
checkered margins (equal in tone after blending) placed at

varying distances opposite free margins, as shown in the figure.

It was found that the marginal blurring, produced by the
checkei'ed patterns, was effective when they were placed a very
short distance from the margin. Up to the width of the squares
used some efiect was noticeable, but was much more mai'ked
when the distance was j^roduced to one half or a quarter of this.

The single row of squares appeared to be almost as effective as

the double ; attempts were made to obtain more definite results,

but in the absence of some method for estimating the amount of

blurring, this was found to be impossible. Text-fig. 4, 6, is an
example in which the marginal pattern is separated a short
distance from the free edge.

As eye-spots are frequently to be seen near the margins of the
wings in Lepidoptera, it was tliought that they might play some
part in concealment of form by means of outline-blurring. A
few experiments were carried out to discover whether this be
so or not. In the centre of a small grey area, an eye-spot was
placed consisting of a black centre surrounded by a white ring,

the proportion of black to white being so arranged that, after

blending, they were equal in tone to the surrounding grey ; a
similar gre}'^ area was prepared but with no central eye-spot :

these two squares were then examined against various back-
grounds ; at the same time the squares were gradually reduced
in size : it was then found that when the square (text-fig. 3, 11)
was reduced to 12'75 mm., the edges began to be blurred as

compared with the edges of text-fig. 3, 12, especially against
backgrounds not widely different in tone. Further reduction of

the square to 10'3 mm. heightened the difference.

In this particular experiment the size of the eye-spot was:
total diameter 6-75 mm., black centre diameter 4 mm. Eye-
spots of different diameters were also used, and it was found that

tlie larger the spot, the greater the distance at which mar-
ginal blurring was produced. Some experiments were also

made, in which the eye- spots were drawn so that after blending

they were difierent in tone from the surrounding grey. It was
found that they were not very effective in margin -obscuring
unless the background was closely similar to their tone, after

blending : they appeared as either light or dark areas on the grey
square. An experiment was next devised to discover whether
this outline-blending, by means of an eye-spot, was more effective

than other patterns. As shown in text-fig. 3, i-?, a irrev square
47*

"
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Avas prepared, in one corner of which a, square e^'e-spot was

placed, in another corner a square of the same size and containing

the same proportion* of black and white but distributed on either

side of the diagonal, in a third angle a similar square divided

down the middle, the fourth angle was left unoccupied. This

square was then examined against various backgrounds. Two
facts were recorded : first, the eye-spot blended at a much shorter

distance than the other two black and white squares, and secondly,

the eye-spot square more effectively blurred the angle of the

gi-ey square than did the other two patterns. It was, however,

difficult to decide how much difference there really was, because

at the distance at which the eye-spot was blended and producing

blending at the corner of the square, the othei- two patterns had

not blended. In order to show the differences in the blending

distance : under the conditions of the experiment, the blending

distances of these patterns (text-fig. '6, 14- iO) were as follows:

eye-spot 18| feet, diagonally divided square 321 feet, medially

divided square 35 feet. Eye-spots distributed over a surface ai'e

often used for producing a pattern ; in Lepidoptera they often

form marginal patterns, but more frequently form patterns some

distance from the edge, as is also the case in the Jaguar (see

text-fig. 3, 17).

It appears that a given quantity of black and white, used as

circular eye-spots, forms a pattern which obscures the outline, if

not better, at any rate as well as other patterns. In ordei' to

be effective in this respect the eye-spot, after blending, should

not make a contrast in tone with its ground ; this was found to

be the case as regards the eye-spots on the under wings of a

number of butterflies examined : for' instance, when the ground-

work was light, the dark in the ey8-«pot was either small or not

deep in tone.

Other possible uses for eye-spots have been put forward : they

have been thought to be attraction marks which induce the

attacking enemy to strike them rather than vulnerable parts ;

they have been looked upon as " dazzlers " to divert the enemy's

eye from the insect as a whole. If one examines the larger eye-

spots and those on the dorsal surface of the wings of many
butterflies, one finds that they do not, after blending, harmonise

with the rest of the wing ; thus it woukl appear that they pro-

bably have a difierent function from those found on the under

wings, which it has been thought are fojr concealment.

Patterns have been considered as regards their powers of con-

cealing form, against plain backgrounds only. Against mottled

backgyoundSj which probably are more common in nature, these

powers of concealment are as effective, not because they may
copy or be paintings of anything in the background (they may
be)," but because after blending they will cause the animal to fade

into its surroundings.

Beyond the blending distance of n pattern, the question as to
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whether the pattern does or does not imitate some part of the

animal's surroundings, does not come in : pattern can only be
eftective in concealing form by means of mimicry or protective

coloi'ation, within its blending distance ; nevertheless, beyond
blending distance, as has been seen, pattern still has powei'S of

concealing form. It is possible tliat a given pattern may com-
bine both these uses. Suppose AE (text-fig. 5, 3) be the extreme

Text-fififure 5.

li Ground plan of apparatus for experiments with artificial patterns.

2. The same, modified for measuring the blending distance of the patterns of

insects' wings.

'Notes referring to 1 and 2.

B=backgrounds made of ' Velox ' paper exposed for varying lengths of time.

C & C'= standard candles.

S & S'= screens of "Bristol" board painted black.

obj.=object to be examined.

G=glass plate on which is glued a small bead of cork to which the insect

is pinned.

obs.=observer along the dotted line.

Using the following distances, au illumination is obtained not unlike that under
a hedge on a dull day :

—

C-8 and C'-S'= 6 cm.
C-obj. and C'-obj.= 40 cm.

C-C'=40 cm.
G-B= 20cm.

distance at which animal A is visible, and AF be the distance at.

which the pattern blends, then within the circle FGH the animal
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will be protected from enemies by mimicking its snrronnflings,

and within the ring defined by FGH and ElJ by means of pro-

tective pattern-blending. The relative importance of these two
methods of concealment will be according to the likelihood of

enemies finding their way into the two areas, and the chance
will be as the I'elative size of the two areas : the central area
will, however, be at a somewhat greater disadvantage, because
the enemy in arriving there, must pass through the outer area,

and in so doing may discover its f)i"ey before reaching the centre.

The relative importance will also depend upon the eyesight of the
enemy and the distance at which it commonly looks for its prey

;

those who have watched birds feeding upon insects have often

remarked the long distances at which they can see their quarry.

In order to illustrate the distance at which the patterns of

insects blend, measurements were made in the case of sixteen

insects, as shown in the following table.

It is obvious that the size of an animal must affect the size of

its pattern : for instance, a pattern which blends at a, few feet

would be useless to an animal the size of the zebra,. It appears,

therefore, that it is necessary, whilst giving the blending distance

of a pattern, to also state the size of the animal, and the relation

of these two in the form of a ratio as is done in the table.

Whether by comparing these pattern-blending ratios or indices,

it is possible to sepai^ate animals presenting conspicuous patterns

from those presenting inconspicuous ones, is beyond the scope of

tliis paper. In the case of the insects examined, in some cases

the dorsal surfaces of the wings have a high index, whereas the
ventral aspects of the lower wings have all low indices, with the
exception of the Queen of Spain Fritillary {A. lathonia). In
this insect the high figure is probably due to the reflection of t]ie

candle-light from the " mirror " spots on the wing. , It has been
noted that the larger the pattern, the more effective the outline

blending ; on the other hand, the greater the blending distance of

the pattern, probably the more conspicuous the animal : other
things being equal, it follows, therefoi-e, that a pattern may be so

adjusted that the danger of it, shoi't of blending, is counter-

balanced by its concealing powers after blending. Finally,

attention must be directed to one other aspect of these experi-

ments. Deductions have been drawn from experiments carried

out with the human eye : thus it is entirely a matter of opinion
whether they would a.pply in the case of the eyes of animals.

It is known that many animals are short-sighted compared with
man, for instance, those of short stature and which for this

reason have a near horizon : it may be that the lion at night
cannot see the zebra's stripes until \yithin close range. On the
other hand, there is some evidence that in the case of certain

birds, such as falcons, vision is more piercing than in man.
However, these deductions from experiments with the human

eye are ill.usti-ated in the markings of animals' coats.
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Coticlasions.

(1) Obliterative shading in animals is sometimes eflected by
means of pattern-blending.

(2) The outlines of animals are frequently masked by the
blending of patterns at or near their margins.

(3) Patterns having these effects are usually unlike the
animal's surroundings and therefore cannot be of use in conceal-

ment by means of mimicry (using mimicry in the broadest sense

of the word).
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During the visit of the British Association to Australia in

1914, exceptional facilities were afforded to those members
who visited Western Australia and Tasmania for the collection

of zoological material for future investigation. In Western

Australia various zoological expeditions were most successfully

organized by Professor W. J. Dakin, and in Tasmania similar

excursions were admirably arranged and carried out by Pro-

fessor Flynn. Some of these expeditions were devoted to

the collection of marine animals, while on others the members
who took part in them had ample opportunities for the inves-

tigation of the terrestrial invertebrates.

During my residence in Australia, many yeai'S ago, I had

already paid particular attention to a section of the terrestrial

fauna which I [1895 his] termed " Cryptozoic," comprising those

small animals, for the most part inveitebrates, which habitually

hide away beneath logs and stones, or under the bark of trees.

This faunistic assemblage includes many lizards, frogs and toads,

centipedes and millipedes, scorpions, spiders, Peripatus, insects

of many kinds—especially cockroaches—many slugs and snails,

a large number of land-planarians, and, more rarely, land-

nemertines.

Of the Land-Planarians, the species of which are more or

less readily distinguished by their beautiful colour-markings,

I have on previous occasions described many different kinds

from Australia, Tasmania and New Zealand, while many
others have been described by Messrs. Fletcher and Hamilton,

Professor Baldwin Spencer and Mr. Thomas Steel. It was

naturall}^, therefoi-e, a great pleasure to have the opportunity

of returning once more to my old pursuits and collecting again

species that were long ago more or less familiar to me. In

addition to these, however, several hitherto undescribed forms
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were met with, so that altogether we obtained three species in

Western Aiisti-alia and six in Tasmania.
From Western Australia only four species have hithei'to been

described, all by Mr. Steel [1901], and all three obtained by us
appear to be new.
From Tasmania, Steel [1901 &<s] gives a list of twelve species,

six of which were originally described by myself. Of these twelve,

the British Association party obtained three, together with one
previously known only from Australia and two new ones.

By far the commonest species in Tasmania seems to be
Geoplana tasmaiiiana, originally collected on the historic voyage
of the ' Beagle ' and described by Charles Darwin.

It is curious that so few Austiulian zoologists have con-

cerned themselves with the study of the Land-Planarians.

This is the more to be i-egretted inasmuch as the opportunities

for collecting these animals are I'apidly passing away with the

clearing of the bush. Moreover, much remains to be done in

the investigation of these and other Cryptozoic animals. The
Land-Planarians, in particular, still demand thorough compara-
tive anatomical investigation with a view to revising the generic

classification. Thus von Graff' [1899] has proposed the genus
Artioposthia, based on material supplied by myself, to include

certain forms with a remarkably complex copulatory apparatus,

but until many more species have been anatomically investigated

it is diflicult to estimate the value of this suggestion and impos-
sible to say in many cases to which genus a given species should

be i-eferred. For this reason I retain the genei'ic name Geoplana
in its older and wider sense.

I desire to express my great indebtedness, not only to our
generous Australian and Tasmanian hosts, but also to those

members of the British Association who were good enough to

hand over to me the Land-Planarians which they collected.

A. Species collected in Western Australia.

Geoplana dakini sp. n.

When crawling, very long and narrow, as much as three

or four inches in length ; strongly convex dorsally, flattened

venti'ally ; without longitudinal ridges. A well-gi'own specimen

in spirit measures about 74 mm. in length by 3 mm. in width in

the middle, and is approximately oval in transverse section.

The eyes are arranged as visual. The peripharyngeal aperture

is situated about the middle of the body ; the pharynx when
protruded in spirit is subcylindrical. I have been unable to

make out the genital aperture.

In life the dorsal surface is pale yellow, mottled and striped

with olive-brown ; the venti'al surface is white, without pattern,

and the anterior tip is pink.

The colour-markings on the dorsal surface are typically
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arranged as follows :—There is a narrow median stripe of brown
and ou each side of it a band of clear yellow ground-colour of

about twice the width. This is followed by a band of brown,
less sharply defined than the median stripe and of about twice

the width. "VVe may call this the inner paired stripe ; it is

followed by a somewhat wider band of ground-colour mottled

with minute brown specks, and then conies an outer paired stripe

similar to the inner one. In life there is a fairly wide band of

clear ground-colour visible on the dorsal surface outside each

outer paired stripe, but in spii'it this tends to be turned in by
contraction, so that the outer paiied stripe comes to lie at the

margin of the dorsal surface. The degree of distinctness of

the paired stripes varies considerably, and they sometimes tend

to merge into the mottling that lies between them.
Ther-e are thus five narrow longitudinal dark sti-ipes on the

dorsal surface, and in this respect the species resembles the

common G. quinquelineata of Eastern Australia, to which it is

probably closely related. It differs from that species, however,

in that the dark stripes are not placed at equal distances apart,

and in this respect it agrees with G. mediolineata Dendy,
var. siinularis Steel [1901 ], from South and Western Australia..

It difFei'S from both these species, however, in the presence of

the mottling between the inner and outer lateral stripes.

This species was common in the neighbourhood of the

Mundaxing \^ eir, near Perth, W.A., upwards of a dozen

specimens having been collected by our party. I have much
pleasure in naming it after my friend Professor W. J. Dakin,

D.Sc, who did so much to bring about the striking success of

our zoological expeditions in Western Australia.

Geoplana flavilineata sp. n.

When crawling, the dorsal surface is convex, the ventral flat;

there are no longitudinal ridges. In spirit the ventro-lateral

maigins are i-ather prominent and the ventral surface may be

concave. The larger of the two specimens in spirit measures

40 mm. in length by 3 "5 mm. in width in the middle. The eyes

a,re numerous, but it is difficult to make out their arrangement
in spirit specimens. Tlie peripharyngeal aperture is situated

somewhat in front of the middle of the ventral surface, the

genital a little nearer to the peripharyngeal than to the posterior

extremity of the body.

In life the dorsal surface is dark olive-grey, or purplish, with
five very narrow longitudinal stripes of pale yellow, not at all

conspicuous. The ventral surface is yellowish white, without
maikings ; a.nd the horseshoe-shaped anterior tip is pink.

The colour-markings on the dorsal surface are seen, under a

lens, to be arranged as follows in the most strongly marked
specimen :—The veiy narrow median yellow stripe is edged on
either side by a very nai'row dark grey band ; this is followed by
a very narrow yellow strij'ie (the inner paired stripe), narrower
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nnd less distinct than the median stripe. Then comes a much
bi'oadei" band of finely mottled grey, bounded on the outside by
another very narrow yellow stripe (the outer paired stripe). The
outer paired stripe is much more distinct than the inner one and
is accentuated by the presence of a very narrow, almost black

edging to the broad band of dark grey, finely mottled ground-
colour which lies outside it and extends to the ventro-lateral

margin of the body.

The characteristic feature of the pattern seems to be the

presence of five very narrow, pale yellow stripes on a dark
ba,ckground of finely mottled grey, the interval between the

median stripe and the inner paired stripe being considerably

less than that between the two paired stripes. In the specimen
described above the inner paired stripe is almost obsolete, while

the outer one is quite clearly defined ; in the other specimen botli

paired stripes are equally strongly developed, but neither of them
is nearly so distinct as the median stripe, and the outer one has

only a feebly developed dark edging on the outside.

This species seems to be closely related to Steel's Geoplana
fusco-dorsalis [1901], also found near Perth.

I have only two specimens, both of which were obtained in

the neighbourhood of the Mundaring Weir.

Geoplana comitatis sp. n.

Body in life comparatively short and broad. Dorsal svirface in

life pale dusky yellow, with olive-brown stripe and mottling
;

ventral surface white or grey, without markings ; anterior tip

pink.

The arrangement of the pattern on the dorsal surface is as

follows :—There is a narrow median dai-k stripe. The interval

between this and the margin of the body is divided into three

bands of about equal width, viz., an inner band of clear ground-
colour, an outer band of clear ground-colour, and an ill-defined

intermediate zone in which the ground-colour is thickly sprinkled

with minute dark specks.

The eyes are arranged as usual. The peripharyngeal aperture

is situated about the middle of the body and the genital apertui'e

somewhat nearer to it than to the posterior end. There is,

however, a good deal of variation in this respect, depending upon
the state of contraction.

The body in spirit is rather short and thick, averaging about
25 mm. in length by 4 mm. in width in the middle ; it is approxi-

mately oval in transverse section, with no trace of marginal
ridges.

This species bears a strong resemblance to Oeoplana tasmaniana
Darwin, but may be distinguished by the following features.

Although there is one pair of ill-defined, broad dorsal bands of

brown mottling, very much as in G. tasmaiiiana, there never
appears to be a marginal (or submarginal) mottling or stripe.

The general colour of the dorsal surface in spirit specimens is
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mticli 3^fellower than in G. tasmaniana. The body (in spirit)

is thicker, less flattened dovsally, and much moi-e rounded at the
margins. Steel [1901 his] has de.scribed a supposed variety of

Geoplana tasmaniana which he calls jiavicincta, which seems to

come a good deal nearer to G. coniitatis than the typical form.
It seems to me hardly likely, however, that the West Australian
species is ideally identical with the Tasmanian " variety."

I have eleven specimens of this species, all collected in the
neighbourhood of Mundaring Weir. The specific name comitatis

is given in allusion to the British Associatiou.

B, S'pecies collected in Tasmania,

GeoplAnA TASMANIANA (Darwin) *.

Flanaria tasmaniana Darwin [1844].

Geoplana tasmaniana Fletcher &, Hamilton [1887J.
Geoplana tasmaniana Dendy [1893J.
Geoflana halfour i von Graff [1899J,
Geoplana tasmaniana Steel [1901 his\

This certainly seems to be by far the commonest of the
Tasmanian Land-Planarians, and it has been obtained fi'om many
Avidely separated localities. In September 1914 Di'. Nicholls
collected a number of specimens on Mat-ia Island, and it was also

much the commonest species in the neighbourhood of the Great
Lake, which some of us subsequently visited.

The following notes were made on living specimens from
Maria Island :

—" Eyes as usual. When crawling long and
" narrow, but dorsal surface somewhat flattened a,s well as
" ventral. Dorsal surface very pale yellow with very narrow
" median stripe of dark grey or brown and two wider stripes of
" the same colour but less intense. Ground-colour between
" median and wide stripes minutely flecked with brown, also
" tine marginal mottling of brown separated from wide dorsal
" stripe by band of clear yellowish gi'ound-colour, Colour of
" stripes varies from olive-brown to reddish."

The marginal band of mottling may develop into a more or
less distinct stripe and in spirit it becomes submarginal, visible

from the ventral but not fi-om the doi-sal surface, so that thei'e

appear to be only three stripes on the dorsal surface (one narrow
and two broad) and a narrow yellow margin.

Specimens when crawling measure about 45 by 3 mm. The
largest specimens in spirit measure about 34 by 3'5 mm.

The shape of the body in transverse section, in spirit-specimens

is somewhat fla,ttened both above and below and with slightly

pi-onounced marginal ridges.

A colour variety, represented by two specimens from the neigh-

bourhood of the Great Lake, is characterized by the intensification

* [The parentheses around the names of authors placed after scientific names in

this paper are used in accordance witli Article 23 of tlie International Rules of
Nomenclature {Proc. 7th Int. Cong. Boston, 1907, p. -U ( L912)).— Kditou.
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of the dorsal stripes, the darkening of the ground-colour between

the median and paired stripes, and the disappearance of the

marginal mottling. The following notes were made on tliese

specimens during life:— "Dorsal surface dark brown, nearly
" black, with narrow median black line and a broader supiu-
" marginal black band, separated from the median stripe [line]

" by an intervening zone of dark brown. All these dark parts

" appear at first sight as one very broad dark brown band, with a
" narrow white mai-gin on either side." In spirit the margins

of the body are very pale brown, not white like the ventral

surface.

In another slight variety the intensification of the finely

mottled ground-colour of the dorsal surface to form a pair of

broad dorsal stripes does not occur.

Mr. Steel [19Ul bis'] has already pointed out that Professor

von Graflf [1899] was probably mistaken in refusing to accept

my identification of this species Avith Darwin's Planaria tas-

inaniana and in proposing for it the new name Geoplana

halfouri.

Geoplana quinquelineata Fletcher & Hamilton.

Geoplana quinquelineata Fletcher & Hamilton [1887].

Geoplana quinquelineata Dendy [1890, 1891, 1895, 1896].

Geoplana quinquelineata von Grafi"[1899].

Geoplana quinquelineata Steel [1901].

More than a dozen specimens were obtained from the neigh-

bourhood of the Great Lake which seem to belong to this

common aiid widely distributed Australian species. I at first

considered them as representing a variety of Geoplana tasman-

iana, in which the broad, inner, paired stripe on each side wa,s

broken up into two and the outer (marginal or submarginal)

stripe obsolete, giving, together with the median line, five narrow

longitudinal stripes, all on the true dorsal surface. Tlie fact,

however, that tlie animal (in spirit) is a good deal narrower, and

at the same time less flattened, than G. tasmaniana has induced

mo to abandon this interpretation.

The specimens do not strike me as being quite typical examples

of G. quinquelineata, for the inner paired stripe is about twice

the width of either the median stripe or the outer paired stripe,

but it is well known that G. quinquelineata is subject to a good

deal of variation as regards the width of the stiipes.

My notes on the living worm are very brief, as follows :

—

" Dorsal surface yellowish, with dark grey or brown stripes.

" Ventral surface pale grey, without markings. Anterior tip

" brown. Microscopic bluish or whitish specks appear under lens

" on dorsal surface (?alvvays). Eyes as usual.''

In spirit the ground-colour of the continuous dorsal and lateral

surfaces is light brown, and the lateral surfaces appear on either

side of the narrow, white, creeping sole as a fairly broad band of
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this coloux\ All the dark stripes are visible from the cloi'sai

surface only, the outer paired stripe being supramarginal. The
body in section is oval, but somewhat flattened below. The
largest specimen now measures 35 mm. in length by barely 3 mm.
in greatest breadth.

This species has not previously been recorded from Tasmania.

Geoplana nichollsi sp. u.

? Geoplana diemenensis, pars, Dendy [1894].

? Artioposthia diamenensis, pars, von Graft' [1899].
? Geoplana diemenensis Steel [1901 his\

This species was obtained on Maria Island by Dr. G. E.
Nicholls and again at the Great Lake. The Maria Island

specimens may be regarded as the types of the species. Tlie

Great Lake specimens differ but slightly.

The Maria Island specimens, in life, were considerably

flattened even when crawling, but slightly convex above. Body
tapering gradually in front to narrow, horseshoe-shaped tip.

Posterior end bluntly pointed. Eyes as usual. Dorsal surface

pale grey, finely mottled with dark brown, and with fine median
dark brown stripe. Yentral surface pale grey, nearly white,

without markings. Anterior tip light brown on both surfaces,

or pinkish. A specimen, when crawling, measured 50 mm. in

length by 4 '5 mm. in greatest breadth (not far from the posterior

end). When put in spirit the lateral margins turn in and
become visible from the ventral svirface as two narrow, mottled
bands, one on either side of the broad creeping sole, foi'ming two
narrow lateral surfaces sloping downwards and inwards from the
much flattened dorsal surface, which they join at an acute angle.

In spirit the peripharyngeal aperture is situated not far fi'om

the middle of tdie body and the genital aperture I'ather nearer to

it than to the postei'ior end.

In the spirit-specimens the mottlings have a distinct pvirple

tinge and show a slight tendency to arrange themselves in six

longitudinal bands on the true dorsal surface, three on each side

of the narrow median dark stripe, the outer band on each side

being close to the dorso-lateral margin. The largest spirit-

specimen measures 32 mm. in length by 4 mm. in gi'eatest

breadth.

One of the Maria Island specimens was s];>ecially noted during
life as being very dark brown dorsally. Narrow median stripe

and mottlings still visible. In addition also microscopic specks

of bluish white thickly dusted over dorsal surface.

The following notes were made on living specimens collected

in the neighbourhood of the Great Lake :
—" When at rest veiy

" broad and much flattened on both surfaces. When crawling
" long and narrow, with horseshoe-shaped anterior tip and pointed
" posterior extremity. Eyes as usual. Dorsal surface pale grey
" with narrow longitudinal stripe of dai'k grey-brown down the
" middle, and thickly marbled with olive-brown,, the markings.
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" showing a sliglit tendency to longitudinal arrangement. "Venti-al

" surface pale grey without markings, nearly white. Anterior tip

" pinkish brown. Colour of dorsal markings reddish brown,
" almost chestnut, in some specimens." In these specimens the

tendency of the markings on' the dorsal surface to arrange them-
selves in three longitudinal bands on each side of the narrow,

mid-dorsal, dark stripe, is more marked than in the Maria
Island sjaecimens. These specimens also do not attain so large a

size as those from Maria Island, measuring in spirit about 25 by
4 mim.

This species is evidently closely related to the Australian

G. qaadrangulata, especially to the mottled Mount Wellington

(Victoria) variety of that species. It is, however, a very much
more robust form *, being intermediate in this respect between

G. quadrangtdata and the Tasmanian G. diemenensis.

The relationship between these three species requires careful

investigation. G. diemenensis, it may be remembered, is charac-

terized by the presence of remarkable comb-like copulatory

organs, and is accordingly included by von Gratf [1899] in his

genus Artioposthia. Such organs have not been observed in

G. qiMdrangidata or in G, nichollsi'f, but we must not overlook the

possibility that all the specimens of these species hitherto found

have been immature and that the peculiar copulatory organs may
be developed only in full-grown individuals. The specimens of

G. diemenensis in which I observed these organs wei'e collected in

February t and March, while those of G. nichoUsi described above

were collected in September. The size of the specimens may also

depend lai'gely on the time of year. Unfortunately, we do not

yet know nearly enough about the life-history of land-planarians

to enable us to settle these points.

Steel has already expressed a doubt as to whether all the

specimens originally referred by me to G. diemenensis, and

accepted as such by von Graff, really belong to the same species.

He himself gives a figure of a specimen of " G. diemenensis," one

of a small series of examples from Trevallyn Hills and Table

Cape, but I am doubtful whether it leally belongs to that species—

•

or yet to G. nichoUsi, which it seems to resemble fairly closely in

pattern—because the transverse section appears to be of quite

different shape, not at all quadrangular, Possibh'', however, the

outline given represents the transverse section in life, which is

very different from what it is in spirit-specimens.

in the type-specimens of G, diemenensis from Mount Wellington

(Tasmania) there was no narrow median longitudinal stripe on the

dorsal surface, and I am inclined to think that the presence of

such a stripe in G. nichoUsi may serve as a valid specific distinction.

* I have, however [1895], described a robust variety of Q. qnadrangulafa from

the Blue Mountains, N.S.W.
t See, however, footnote below.

J This was one of the Parattah specimens, and as it shows a narrow, mid-dorsal,

dark strii^e, I stroiia,'ly sUspect tluit it may be a specimen of G. nicltollsi.
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G. nlchollsi may approach pretty closely to the common
G. tasmaniana in general appearance, but may be distinguished
by the sharper dorso-lateral margins, the sides of the body being
rounded off (in spirit) in G. tasmaniana.

Geoplana mortoni Dendy.

Geoplana mortoni Dendy [1894].

Geojjlana mortoni von GraiF [1899].

Geoplana mortoni 8teel [1901 his\.

We obtained a dozen good specimens of this beautiful and
well-characterized species in September 1914, in the neighbour-
hood of the Great Lake. It had been previously obtained by
the late Mr. Alexander Morton from an unknown locality in

Tasmania, and by Professor Baldwin Spencer from Parattah, and
my own acquaintance with it was limited to spirit-specimens.

The following observations were made on a living specimen :

—

" At rest very broad and much flattened, no median dorsal ridge.
" Dorsal surface dull yellow, closely and finely mottled with chest-
" nut-brown. Horseshoe-shaped anterior tip brown. Eyes as
" usual. Ventral surface white, much less closely mottled with
" small brown specks, with very narrow marginal band free from
" mottling. When crawling, dorsal surface very strongly arched."

A good-sized specimen when crawling measured about 50 mm. in

length by -l-S mm. in greatest breadth, and one of my specimens
measures as much after preservation in spirit.

The shape of the body in spirit-specimens is characteristic
;

convex above and concave below, especially in the anterior

portion ; broader behind than in front ; with prominent, narrow
margins at the junction of doi'sal and ventral surfaces.

Geoplana xyphlops Dendy.

Geoplana alba Dendy [1892].

Geoplana typhlops Dendy [1894].

Geoplana typhlops von Graff [1899].

This curious eyeless species appears to be one of the commonest
of the Tasmanian land-planarians. It has previously been re-

corded from Mount Wellington, Hobart and Parattah, and in

September 1914 we obtained it near the Great Lake and on Maria.

Island (one small specimen). Some of the specimens in spirit

develop a distinct narrow median ventral band, due to darkening
of the rest of the ventral surface. I have already noticed thi.s

feature in my previous descriptions.

Geoplana flynni sp. n.

I propose this species for four specimens collected by Dr.
Nicholls on Maria Island, and have much pleasure in naming it

after Professor Flynn of Hobart, who so successfully organized
the zoological excursions for members of the British Association

in Tasmania.

Proc. Zuol. Soc— 1015. Xo. XLVIII. 48
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The woim when crawling is long and narrow, convex above
and flat below. The gTonnd-colour of the dors.al surface in life

I'anges from grey to yellow, but even in the grey specimens it

becomes fairly bright yellow in spirit. Minute brown specks
are sparsely scattered over the dorsal surface and tend to aiTjvnge

themselves in a very narrow median stripe. The horseshoe-
Kha.ped anterior tip is brown or brownish pink, and the ventral
sui'face neai'ly Avhite, without markings. The eyes are arranged
as usual. In spirit the body is narrow, more or less flattened,

especially ventral!}-, and with fairly well pronounced lateral

margins.

In one specimen (in spirit) the pei'ipharyngeal aperture is

Lated well in front of the middle of the body, and the genital

aperture rather nearer to it than to the posterior end. This is

the only one in which both apertures are visible, but in another
the peripharyngeal aperture seems to be about central ; Imt nf

course the position of the apertures is influenced by the lelalive

state of contraction of the two ends of the body.

One of the four specimens is much larger tlian the other three,

measuring in spirit about 32 mm. in length by a shade over

3 xxim. in greatest breadth. The smaller ones in sj)irit measure
about 19 mm. in length by 2-5 mm. in breadth. In life one of

them measured about 32 by 2 mm.
I think that the specimen w-hicli I described [1892] under the

name Geojjlana sp., fi'om near Hobart, pr'obably belongs to this

species. Von GrafF [1899] referi-ed this specimen to the
"Victorian O. quadrangulata var. toellingtoni, but there was A'ery

little justification for so doing, or, I fear, for my own comparison
of it with G. qaadraiigidata and G. ventrojmnctata.

List of Literature referred to.

1844. Darwix, C. — Brief Descriptions of sevei-al terrestrial

Plaiiarife, &c. (Ann. & Mag. Nat. Hist. vol. xiv.)

] 890. Dendy, a.—On the Victoria Land-Planarians. (Ti'ans.

Royal Soc. Victoria for 1890.)

1891. Ibid.— Additional Observations on the Victorian Land-
Planaiians. (Trans. Roy. Soc. Victoria for 1891.)

1892, Ibid.—Notes on some Land-Planarians from Tasmania and
South Australia. (Proc. Aust. Assoc. Adv. Sci. Hobart,
1892.)

1894. Ibid.—Notes on some new or little-known Land-Planarians
from Tasmania and South Australia. (Proc. Royal Soc.

Victoria for 1893.)

1895. Ibid.—Notes on some Land-Planarians collected by Thomas
Steel, Esq., F.C.S,, in the Blue Mountains, N.S.W.
(Proc, Linn. Soc, N,S.W., Nov, 1894.)



LAXD-PLAXARIAXS FROM WEST AUSTRALIA. 703

1895 bis. Ibid.—The Ciyptozoic Fauna of Australasia. (Presi-

dential Address, Section D, Proc. A.ust. Assoc. Adv. Sci.

Brisbane, 1895.)

1896. Ibid.
—

"N'otes on New Zealand Land-Planarians, Part 2.

(Trans. N.Z. Inst, for 1895, vol. xxviii.)

1887. Fletcher, J. J., and Hamilton, A. G.—ISTotes on Austra-
lian Land-Planarians. with Descriptions of some new
Species, (Proc. Linn. Soc. N.S.AV., June 1887.)

1899. Graff, L. von".—Monographie der Turbellarien. II. Tricla-

dida Terricola (Landplanarien). (Leipzig.)

1897. Steel, T.— Australian Land-Planarians, etc. (Proc. Linn.

Soc. N.S.W., April 1897.)

1901. Ibid.—Australian Land-Planarians, ttc. (Proc. Linn. Soc.

l^.S.W., Sept. 1900.)

1901 6;'s. Ibid.—Tasmanian Land-Planarians, etc. (Proc. Linn.

Soc. iS\S.VV.,Sept. 1900.)

48^





THE SECRETARY OX ABDITIOXS TO THE MENAGERIE, 705

EXHIBITIONS AND NOTICES.

October 26, 1915.

Prof. E. W. MacBride, D.Sc, F.R.S., Vice-President,

in the Chair.

The Secretary read the following report on the Additions

made to the Society's Menagerie during the months of June,

July, August, and Septembex', 1915 :

—

June,

The registered additions to the Society's Menagerie during the

month of June were 249 in number. Of these 6 1 were acquired

by presentation, 87 by purchase, 36 were received on deposit, 9 in

exchange, and 56 were born in the Gardens.

The number of departures during the same period, by death

and removals, was 161.

Amongst the additions special attention may be directed

to :—

1 Pallas's Oat {Felis manul) S, from Tibet, and 2 Burrhel

Sheep (Pseudois na/mra) $ ? , from the Himalayas, deposited on

June 19th.

1 Hybrid Chapman's and Mountain Zebra {Equus chapmanni

X B. zebra) c? , born in the Menagerie on June 17th.

1 White-browed Wood-Swallow (Artamus supe7-ciliosros), hfitcheA

in the Menagerie on June 17th.

1 Lesser Double-collared Sunbird [Cinnyris chalyheus) from

South Africa, presented by Alfred Ezra, F.Z.S., on June 12th.

2 White Storks {Giconia ciconia), hatched in the Menagerie on

June 8th.

A collection of Pheasants, including 3 Vieillot's Firebacks

{Lophura rufa), 4 Himalayan Monauls {Lophophorus impeyanacs),

and others, purchased on June 5th.

2 Ocellated T\\vkejs,{MeleagrisoGellata),h'OVi\ British Honduras,

deposited on June 21st.

July.

The registered additions to the Society's Menagerie ditring the

month of July were 382 in number. Of these 260 were acquired

by presentation, 34 were received on deposit, 45 in exchange, and

43 were born in the Gardens.

The number of departures during the same period, by death

and removals, was 241,
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Among.st the additions special attention may be directed

to:—

2 Puma cubs [Felis concolor) and 1 Eyra Cat [Felis eyra), fi^om

Cordova, Argentina, presented by Wilfred A. Smithers, O.M.Z.S.,

on July 28th.

2 Californian Sea-Lions {Otaria californiana), from California,

received in exchange on July 19th.

1 Eland [Taurotragus oryx), born in the Gardens on July 15th.

A large collection of Birds, mostly European, presented by

Major Frank Jolnison, F.Z.S., on July 19th.

A collection of North American Birds, received in exchange

from the Zoological Society of New York on July 19th.

2 BufF-breasted Partridges {Ftilopachys ficscus), 9 West-African

Quail-Finches [Ortygospiza atricoUis), and other birds from

Gambia, presented by Dr. E. Hopkinson, ]).S.O., F.Z.S., on

July 21st.

2 Chinese Stai-lings [Sturnia sinensis), new to the Collection,

received in exchange on July 28th.

10 Common Rheas (Rhea aniericana), hatched in the Menagerie

on July 18th.

1 Blackish Tortoise (Testudo nigrita), from Indefatigable

Island, and 1 Baur's Tortoise {T. galapagoerisis), new to the

Collection, from Charles Island, deposited on July 29th.

1 Royal Python {Python regias), from West Africa, presented

by Robert R. Jones on July 19th.

August.

The registered additions to the Society's Menagerie during the

month of August were 129 in number. Of these 89 were acquired

by presentation, 21 were received on deposit, 1 in exchange, 1 by
pui'chase, and 17 were born in the Gardens.

The number of departures cUu'ing the same period, by death

and removals, was 115.

Amongst the additions special attention may be directed

to:—

2 Orang-Utans {Simia satyrus), from British Noi'th Borneo,

deposited on August 7th.

1 Rosy Minivet {Pericrocotus roseus), 1 Rufous-backed Shi'ike

{Enneoctonus erythronotus), 1 Rufous-bellied Babbler {Dameiia

hyperythra), 1 Green loia {^Egithina viridissima), from India,

all new to the Collection, presented by E. W. Harper, F.Z.S., on

August 4th.

A collection of Mammals, Birds, and Reptiles, including a

Korin Gazelle (G'azella rvjifrons), a Crowned Duiker (Sylvicapi-a

coronata), a Waterhouse's Genet (Genetta poensis), 2 White-
neckecl Crows {Corvus scapulatus), a Long-nosed Crocodile

(Crocodilus cataphractus), and a Moebius's Snake {Elupechis
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vioebii), the last-named new to the Collection, frona the
Northern Territories of the Gold Coast, presented by Capt. C.
H. Armitage, C.M.G., D.S.O., F.Z.S., on August 18th.

bEPTEMBER.

The registered additions to the Society's Menagerie during the
month of September were 115 in number. Of these 65 were
acquired by presentation, 32 were received on deposit, 7 in

exchange, 8 by purchase, and 3 were born in the Gardens.
The number of departures during the same period, by death

and removals, was 123.

Amongst the additions special attention may be directed

to:—

1 Ocelot [Felts jjardalis), 1 Kinkajou (Potos caiulivolvulus),

1 Eraser's Squirrel (Sciurus siramineus), 1 Spiny Tree-Porcupine
(Coendu prehensilis), 1 Harris's Owl {Gisella har7-isi), 1 Salmon's
Tiger-Bittern (^Tigrisoma salmoni), and 4 Peruvian Ground-
Doves {Chamcpjyelia cruziana), from Ecuador, presented by E. J.

Brook, F.Z.S., on September 25th and 29th. The three species

of birds are new to the Collection.

10 "Wilson's Birds of Paradise [Schlegelia Hu7so?ii''),fromWaigiou,

new to the Collection, deposited, and 2 of the same presented, by
A. E. Pra.tt on September 1st and 8th.

1 Black Manucode [Manucodia atra), and 7 Red Birds of

Paradise (Paradlsea riibra), deposited on September 13th.

2 Red Birds of Paradise (Faradisea rubra), and 4 Rufous-
crowned Ground-Doves (Phlogoenas rujigula), the latter new to

the Collection^from Waigiou, j)nrchased on September 16th.

2 Chestnut-backed Finches {S'2^ermestes nigriceps), new to the

Collection, received in exchange on September 8tli.

Mr. R. I. PococK, F.R.S., F.Z.S., Curator of Mammals, ex-

hibited a sei'ies of burrows of ti'apdoor spiders from South Africa,

belonging to types never previously brought to England. They
were collected at Alicedale, near Grahamstown, by Messrs. F.

Thurston and F. Cruden, and were given to Mr. Pocock by the

former gentleman, who at the same time presented to the Society

living examples of Stasimojnis nnd Gorgjp-eUn.

Mr. D. Seth-Smith, F.Z.S., Curator of Birds, exhibited a living

hybrid Swinhoe's and Silver Pheasant [Gevnceus nycihenierus

X G. sirinhoii), which had been presented to the Scciet}'' by
Mr. H. J. Elwes, F.R.S. It was a male, and a very handsome
bird, but, although somewhat resembling Swinhoe's Phea,sant as

regards the head aiid neck, the back, rump, and tail Avere of a

chestnut-brown colour, difl'ering from the males of luith parent
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species. ' Mr. Elwes bad also presented to the Society a younj?
bird wbich be bad bred from tbe above-mentioned bybrid, paired
to a pure hen Swinhoe Pheasant, but this bird was not yet in
adult plumage.

Mr. Seth-Smith also exhibited a male Mandarin Duck {jEx
galericulata) bred in the Society's Gardens, during the current
year, in which an extra digit had grown from tlie inner side
of the right tibiatarsal joint (text-fig. 1). He remarked that

Text-figure 1.

Right leg- of male Mandarin Duck, witli superunmerary digit.

similar cases had been recorded by Bateson (' Materials for
the Study of Varintion,' page 394), but he believed that such
abnormalities were rare, especially in birds other tlu\n those
long domesticated.
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November 9, 1915.

Dr. S. F. Harmer, M.A., F.R.S., Vice-President,

in the Chair.

The Secretary read the following report on the Additions to

the Society's Menagerie during the month of October 1915 :-

—

The number of registered additions to the Society's Menagerie
during the month of October was 162. Of these 98 were acquired
by presentation, 24 were received on deposit, 15 in exchange, 11

by purchase, and 14 were born in the Gardens.
The number of departures during the same period, by death

and removals, was 206.

Amongst the additions sjjecial attention may be directed to :

—

1 Hairy Tree-Porcupine {Coendu insidiosus), from Venezuela,
presented by Hugo Pam, C.M.Z.S., on October 4th.

2 Larger-streaked Spider-hunters {Arachnothera magna), from
the Himalayas, new to the Collection, presented by Alfred Ezra,

F.Z.S., on October 1st.

1 Red-faced Crake {Neocrex erythrops), new to the Collection,

presented, with a number of other birds from Venezuela, by
Hugo Pam, C.M.Z.S., on October 4th.

1 Japanese Robin [Erithacus akahige), from Japan, and
1 Yellow- colla.red Ixulus (Ixulns Jlavicollis), from the Hima-
layas, both new^ to the Collection, deposited on October 13th.

1 Greater Amethyst Sunbird {Chalcomitra amethystina), from
South Africa, new to the Collection, presented hj Alfred Ezra,

F.Z.S., on October 20th.

1 Sauvage's Tree-Frog {Phi/llomedusa smmiagii), from Cordova.,

Argentina, new to the Collection, presented by Wilfred A.
Smithers, C.M^.S., on October 20th.

Prof. H. Maxwell Lefroy, M.A., F.Z.S., Curator of Insects,

read a report on the House-Fly Investigations carried out during
the present year in the Society's Gardens.

It is hoped that this report will be published in full in the
' Proceeding's' for 1916.

Notesfrom the Caird Insect ITouse.

Mr. C. J. C. Pool, Assistant Curator of Insects, read the

following notes upon species recently bred and exhibited :

—

Orthoptera.

M A N T I D M.

Sphodromantis gnttata.

The female Mantid deposits her eggs in a case made of a
gummy secretion. The eggs are in regular rows inside the case,

which is attached to a. twis: or to the bark of a tree. There is an
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opening along tlie centre of the outer surface, eacli egg-cell being

protected by a Hap or door. The young emerge in a cluster and

on reaching the exterior they remain suspended by threads

or tubes for from 3 to 5 days. During this period they are

incapable of seizing other insects or of feeding in the ordinary

way, and yet they obtain sufficient nourishment to increase their

size very considerably within a week. I have observed this de-

velopment upon several occasions, and it is my opinion that we
must regard the egg-case as a kind of feeding-bottle capable of

supplying the young Mantids with liquid food, absorbed through

the threads or tubes by which they are suspended until the first

moult. After this important event they are active and are at

last capable of an independent existence. To test my " feeding-

bottle" theory 1 have on several occasions severed the con-

nection between the young larva and the egg-case. The result

was the same every time, and the creature died without further

development.

I have examined several cases from which the young had

emerged, and found that they all contained fluid matter which

might form the necessary food, probably with the assistance of

I'ain or dew.

The specimen referred to in a previous paper (P. Z. S. 1915,

p. 289) lived from 6th July, 1914, until 24th September, 1915.

On 19th August, 1915, it fractured a front leg, a mishap which

reduced its chances of seizing a meal. Upon the third day

following the accident, the Mantid surprised me by devouring

the offending and still unsevered limb, after which it appeared

to revive its interest in life by depositing an egg-mass, the

eighth in its lifetime in the Society's Gardens. It died shortly

after this event, having completed nearly fifteen months of

active life.

Sphodromantis gastrica.

An egg-mass from Pretoria produced some young Mantids on

28th May, 1915. The majority of these died in the earlier

stages. One fine female specimen, having devoured a number
of her own kind and an abundance of other insect-food, arrived

at maturity and developed her wings on October 18th, 1915,

having occupied nearly five months in the process. This speci-

men is still alive and healthy, her food consisting principally of

stick-insects. A few egg-masses produced numerous small

Parasitic Hymenoptera (Chalcids) new to science, which when
described will form the subject of another paper.

COLEOPTEKA.

D E R M E S T I D ^.

Thaumaglossa himaculata Arrow.

Some Mantid egg-masses received from Pretoria in May 1915

were found to be inhabited by Coleopterous larvte much resembling
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the museum pest Anthrenus vi2csearum. The infested cases

were isolated and kept under observation. The larvae fed upon
the contents of the egg-masses, and duly pupated within their

own skins. The beetles have been emerging during September
and October.

The genus Thaumaglossa is I'epresented in the National Col-

lection hj eight species known to inhabit egg-masses of Mantids,
their distribution being China, S. Australia, Nigeria, Rhodesia,
and the Malay Peninsula. The insect now exhibited was ex-

amined by Mr. G. J. Arrow at the British Museum (Nat. Hist.)

and has been described by him under the above name.
The type-specimen will be deposited in the National Collection

and the co-type in the general reference collection now in

course of formation in the Caird Insect House.

P T I N I D .E.

Ptinus jnts'iUus Sturm.

This active little beetle is a well-known grauary pest in France
and C4ermany, but was not known to inhabit this country until

1906, when I discovered it in a corn-shop at Edmonton.
The female, which is more robust than the male and with

shorter anteinise, has for some years been confounded with
another species, P. testacens Boield., in British works and
collections.

I have taken both sexes in profusion in the Society's Gardens,

and it is due to the study of the specimens collected there and at

Edmonton that I have been able to clear up this old error.

Ptinus tectas Boield.

This beetle is another cosmopolitan granary pest, and during
the last few years has become exceedingly common throughout
this country. During last May a so-called insect-destroyer was
recommended and submitted for test upon some Blow- fly maggots.

It was not a success, its intended victims proving its ineffective-

ness by simply pupating in a dish of the sujjposed deadly powder.
The paper-bag containing the remainder was put aside in a cup-

board in the Fly-room, and was forgotten until after the closing

of the Fly Exhibition in September, when upon clearing out an
accumulation of samples, etc., I noticed numerous small round
perforations in the bag which had become slightly mouldy, and,

upon peeling back the paper near the perforations, I discovered

P. techis, larvaj, pupse, and iinagos, perfectly healthy aud ap-

parently enjoying the novelty of breeding in an insect-killing-

powder, which actually appears to be a vegetable-meal upon
which a corn-shop pest might be expected to thrive.

In conclusion, I must confess to a feeling of pleasure in

recording the successful rearing of an African beetle new to
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science in the Caird Insect House, as well as the correction of

an error which has caused considerable confusion in connection

with the species of Ptinus. We have been handicapped by
reduction of staff, our two helpers having joined the colours,

otherwise we might have accomplished some other useful

research-work with the aid of valuable living material received

from various sources. Some day, under happier circumstances,

we hope to be able to devote more attention to breeding, etc.,

thereby adding to the scientific value as well as to the popular

interest of the Caird Insect House.

November 23, 1915.

Dr. A. Smith Woodward, F.R.S., Vice-President,

in the Chair.

Mr. R. W. Harold Row, B.Sc, F.Z.S., exhibited photographs

of an interesting abnormal Frog (Rana temporaria), in which both

posterior limbs lacked the hallux, though the calcar, or prehallux,

was present on each side. The cha.racteristic structui'e of the

digits still existing clearly proved that the missing toe was the

hallux, and dissection showed that there was no trace of it

internall3\ All the other four digits were perfectly normal.

A complete description of this abnormality, with illustrations,

will be published in the next part of the ' Proceedings.'
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ABSTRACT OF THE PROCEEDINGS

OF THE
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October 26th, 1915.

Prof. E. W. MacBride, D.Sc, F.R.S., Vice-President,

in the Chair.

The Minutes of the last Scientific Meeting were confirmed.

The Secretary read a Report on the Additions to the Society's

Menagerie during the months of June to September, 1915.

Mr. R. I. PococK, F.R.S., F.Z.S., Curator of Mammals,
exhibited a series of burrows of trapdoor spiders from South
Africa, belonging to types never previously brought to England.
They were collected at Alicedale, nr. Grahamstown, by Messrs.

F. Thurston and F. Cruden, and were given to Mr. Pocoek by
the former gentleman, who at the same time presented to the

Society living examples of Stasimopus and Gorgyrella.

Mr. D. Seth-Smith, F.Z.S., Curator of Birds, exhibited a
Mandarin Duck (^^Ex gcderictdata) in which an extra digit had
grown from the inner side of the right intertarsal joint. He
remarked that similar cases had been recorded by Bateson
(' Materials for the Study of Variation,' page 394), but he
believed that such abnormalities were rare, especially in birds

other than those long domesticated.

Mr. Seth-Smith also shoAved a living hybrid Swinhoe's and
Silver Pheasant, which had been presented to the Society by
Mr. H. J, Elwes, F.R.S. It was a male, and a very handsome
bird, but, although somewhat resembling Swinhoe's Pheasant as

regards the head and neck, the back, rump, and tail were of a

* This Abstract is published by the Society at its offices, Zoological Gardens,

Regent's Park, N.VV., on the Tuesday following the date of Meeting to which

it refers. It will be issued, along with the 'Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of »SV.r Shillings per annum, payable in advance.
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chestnut-brown colour, differing from the males of both parent

species. Mr. Elvves had also presented to the Society a young
bird which he had bred from the above-mentioned hybrid, paired

to a pure hen Swinhoe Pheasant, but this bird was not yet in

adult plumage.

Mr. E. G. BouLENGER, F.Z.S., Curator of Reptiles, read a

paper on the feeding of Snakes in ca.ptivity, based on observations

made upon specimens in the Society's Collection. The results

showed that, with rare exceptions, snakes that refused to feed on
dead animals were not more likely to accept them if alive.

Dr. S. F. Harmer, F.R.S., F.Z.S., read a preliminary paper
" On Specimens of Cuvier's Whale {Ziphius cavifostris) from the

Irish Coast."

The inclusion of Z. cavirostris in lists of the Cetacea of the

British Seas appears to rest on the evidence of a single skull

obtained by Sir William Turner from Shetland. By an arrange-

ment made with the Board of Trade in 1912, the British Museum
receives telegraphic reports of the stranding of Cetacea on the
British Coasts. Two of the specimens thus reported have proved
to belong to this rare species, and their skeletons have been
secured for the Museum. One of these individuals, stranded in

Co. Wexford on July 18, 1915, was ascertained to be a male, and
it possessed a pair of massive teeth, about 1| inches in diameter
and 1| inches in length, at the anterior end of the lower jaw.

The sex of the other specimen, which was stranded in Co. Cork
on February 13, 1913, could not be ascertained, although its

cranial characters point to its having been a female. The teeth

were completely hidden beneath the gum, but dissection showed
that two were present, in the same position as those of the male,

but considerably smaller, their diameter only slightly exceeding
half an inch. Casts of the lower jaws were exhibited. It was
suggested that Cuvier's Whale is likely to prove less rare than
has hitherto been supposed, as both specimens here recorded
were at first believed to belong to Hyperoodon rosiratus. It will

be desirable to scrutinise carefully future records of " Bottle-

nosed Whales," in the hope of ascertaining that some of them
really belong to Ziphius or to the allied genus Mesoplodon.

Dr. F. E. Beddard, M.A., F.R.S., F.Z.S., Prosector to the
Society, read a paper on Avian Cestodes entitled " On Tcenia
struthionis Parona and Allied Forms," in which he defined a
probable new species of Davainea parasitic in the Ostrich
(Struthio masaicus).

A paper was read from Mrs. Mary G. Roberts, C.M.Z.S., on
the successful breeding and rearing of the young of a pair of

Tasmanian Devils {Sarcophilus harrisi), kept in captivity at

Hobart.
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Professor S. J. HiCKSOX, M.A., F.R.S., F.Z.S., contributed a
paper on some Alcyonaria and a Stylaster from the west coast of

North America. Three new species of Alcyonaria were described
therein.

The next Meeting of the Society for Scientific Business will be
held on Tuesday, November 9th, 1915, at half-past Five o'clock

P.M., when the foIloAving communications will be made :
—

Exhibitions and Notices.

G. E. NicHOLLS, D.Sc.

Some Notes vipoii the Anatomy of Rana tigrina.

J. C. MoTTBAM, M.B. (Lond.).

(1) The Distiibution of Secondary Sexual Characters
amongst Birds, with relation to their liability to the Attack
of Enemies.

(2) Some Observations on Pattern-Blending with Referenca
to Obliterative Shading and Concealment of Outline.

C. BoDEN Kloss, F.Z.S., F.R.G.S.

On a Collection of Mammals from the Coast and Islands of

S.E, Siam, with an account of the Fruit-Bats by Dr. Knud
Andersen.

Prof. W. J. Dakin, D.Sc, F.Z.S.

Fauna of West Australia.—III. A new Nemertean

—

Geo-

nemertes dendyi, sp. n.—being the first recorded Land
Nemertean from Western Australia.

lY. Palmnonetes australis, sp. n., being the first recoi-d of

the Genus in Australia.
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The following papers have been received :

—

G. A. BouLENGER, F.R.S., F.Z.S.

(1) A List of the Snakes of East Africa, North of the
Zambesi and South of the Soudan and Somaliland, and of

Nyassaland.

(2) A List of the Snakes of North-East Africa,, from the
Tropic to the Soudan and Somaliland, including Socotra.

(3) Descriptions of a new Amphisbsena and a new Snake
discovered by Dr, H. G. E. Spurrell in Southern Colombia.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, N.W.
Noveinher 2ml, 1915.
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' ABSTRACT OF THE PROCEEDINGS

OF THE
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November 9th, 1915.

Dr. S. F. Harmer, M.A., F.K.S., Yice-Presiclent,

in the Chair.

The Minutes of the last Scientific Meeting were confirmed.

The Secretary read a Report on the Additions to the Societj's

Menagerie during the month of October, 1915.

Prof. H. Maxwell Lefroy, M.7^., F.Z.S., Curator of Insects,

read a report on the House-Fly Investigations carried out during

the present year in the Society's Gardens.

Mr. C. J. C. Pool, Assistant Curator of Insects, read some
notes upon a number of species which had been bred and

exhibited in the Caird Insect House.

Dr. G. E. Inicholls read a paper containing an account of the

anatomy of Bana tigrina, the so-called Bull-frog of India, and
drew attention to certain features in which this species differs

from its European congeners.

Dr. J. C. Mottram read a paper on " Pattern-blending with

I'eference to Obliterative Shading and Concealment of Outline."

The paper recorded the results of laboi'atory experiments with

* This Abstract is published bj' the Society at its offices, Zoological Gardena,

Regent's Park, N.W., on tlie Tuesday follo\ving the date of Meeting to -wbici)

it refers. It will be issued, along with the 'Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained en the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per aniiuni, payable in adyance.
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{ittificial patterns. The experiments showed that obliterative,

or counter-shading could be produced by blended black-and-
white pattern, and that beyond the blending distance, inter-
ruptions at the margin of a pattei'n, or similarly placed eye-spots,
blur the margins. The laboratory expeiiments were compared
with actual patterns of animals.

Dr. MoTTRAM also read a paper "On the Distribution of
Secondary Sexual Characters amongst Birds, with relation to
their Liability to the Attack of Enemies." The paper was based
upon a statistical enquiry into the possible existence of a
correlation between these factors.

Mr. C. BoDEN Kloss, F.Z.S., F.R.G.S., contributed a paper
on a collection of Mammals made by him on the coast and
islands of S.E. Siam, over 500 specimens being obtained. One
species and twenty-two subspecies were described as new.

Two papers, dealing with the Fauna of West Australia, were
received from Prof. W. J. Dakin, D.Sc, F.Z.S. The first paper
contained the description of a new Land ISTemertean, the first to
be recorded from West Australia. The second paper described a
new prawn-like Crustacean of the genus Fcdcemonetes, which
genus had not hitherto been recorded in Australia.

The next Meeting of the Society for Scientific Business will be
held on Tuesday, November 23rd, 1915, at half-past Five o'clock
P.M., when the following communications will be made :

—

EXHIBITIOKS AND N0TICE8.

G. A. BouLENGER, F.R.S., F.Z.S.

(1) A List of the Snakes of East Africa, North of the
Zambesi and South of the Soudan and Somalilaiid, and of

Nyassaland.

(2) A List of the Snakes of North-East Africa., from the
Tropic to the Soudan and Somaliland, including Socotra.

(3) Descriptions of a new Amphisbfena and a new Snake
discovered by Dr. H. G. F. Spurrell in Southern Colombia.
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Prof. Arthur Dendy, D.Sc, F.R.S., F.Z.S.

On some Land-Planarians collected in West Australia and
Tasmania by Members of the British Association for the

Advancement of Science.

C. Tate P.egan, M.A., F.Z.S.

The Morphology of the Cyprinodont Fishes of the Subfamily
Phallosbethinse.

The following paper has been received :

—

J. H. Lloyd, M.Sc.

Some Observations on the Structure and Life-history of the

common Nematode of the Doofish.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary,

Zoological Society of Loxeon,

Regent's Park, London, N.W.

Novemher l^th, 1915.
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Dr. A. Smith Woodward, F.R.S., Vice-President,

in the Chair.

The Minutes of the last Scientific Meeting were confirmed.

Mr. R. W. Harold Row, B.Sc, F.Z.S., exhibited photographs

of an interesting abnormal Frog, in which both posterior linabs

lacked the hallux, though the calcar, or prehallux, was present on

each side. The characteristic structure of the digits still existing

clearly proved that the missing toe was the hallux, and dissection

showed that there was no trace of it internally. All the other

four digits were perfectly normal.

Prof. Arthur Dendy, D.Sc, F.R.S., F.Z.S., read a paper on a

collection of Land-Planarians made by members of the British

Association in West Australia and Tasmania. Three species were

obtained in West Australia, all of which proved to_ be new, and

of six species collected in Tasmania, two were described as new.

Mr. G. A. BoULENGER, F.R.S., F.Z.S., gave an account of two

papers containing lists of the Snakes of East Africa and Ifyassa-

land, and of North-east Africa and Socotra, with keys to the'

identification of the genera and species.

* This Abstract is published by the Society at its offices, Zoological Gardens,

Eegent'B Park, N.W., on the Tuesday following the date of Meeting to which

it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.
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Mr. BouLENGER also read a paper in which he described a
new Amphisbcena and a new Snake discovered by Dr. H. G. F.
Spvirrell in Southern Colombia.

Mr. 0. Tate Began, M.A., F.Z.S., read a paper on the morph-
ology of the Cyprinodont Fishes of the subfamily Phallostethin^.
He described the structure of these extraordinary little fishes

from Johore, and particularly the differences in the priapium of
the two genera he recognised.

The next Meeting of the Society for Scientific Business will be
held on Tuesday, February 8th, 1916, at Half-past Five o'clock

P.M. The Agenda will be announced early in January.

The following paper has been received :

—

Prof. E. B. PouLTON, M.A., F.R.S., F.Z.S.

On a Collection of Moths made in Somaliland by Mr. W.
Feather. With Descriptions of new Species by Sir G. F.
Hampson and others.

Communications intended for the Scientific Meetings should
be addressed to

P. CHALMERS MITCHELL,
Secretary,

Zoological Society of London,

Regent's Park, London, N.W.
November SOth, 1915.
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